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Z COMPOUND ORGANIC RADICALS. 

Others contain four elements — carbon, hydrogen, oxygen, 
and nitrogen. 

Some contain sulphur, chlorine, bromine, iodine, silicon, 
phosphorus, boron, or metals ; but these are comparatively rare. 

Although the number of the elements entering into the com- 
position of organic compounds is much smaller than that usually 
taking part in the formation of minerals, yet the complexity 
of the former class of compounds is frequently much greater. 

There is no- instance of an organic molecule containing but 
two single atoms, and only one containing three (hydrocyanic 
acid, HCN). 

On the other hand, the number of atoms in a single organic 
molecule is sometimes very great. Thus:— 

The molecule of Spermaceti contains 98 atoms. 

Stearin ,, 173 „ 

Margarin „ 217 „ 

Albumen „ 226 „ 

Protagon „ 384 „ 

In nearly all organic compounds carbon is a tetrad. It 
forms, therefore, with 1 atom of hydrogen a triad compound 
radical, which exists in chloroform (C^^H)"'Cl3 ; a dyad com- 
pound radical with 2 atoms of hydrogen, as in methylenic 
dichloride {fi^^H^'' Qj\\ and a monad compound radical with 
3 atoms of hydrogen, as in methylic iodide (C^^Hg)!. But in 
these compounds it will bo seen that the carbon is always satu- 
rated and always a tetrad. 

This is in conformity with the following general law : — " In 
every molecule of a chemical compound the sum of the bonds 
is always an even number," because every number, whether 
odd or even, when multiplied by 2 gives an even number. To 
this may be added the following law, to which no exception is 
known : — " The sum of the bonds in any molecule is at least 
twice as great as the active atomicity of the most polyad ele- 
ment in the compound." 

A compotmd organic radical is a group of atoms containing one 
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NOTATION OP ORGANIC COMPOUNDS. ^ 

&r more atoms of carbon of which one or more bonds are iinsatis- 
fied; and it is either a ihonad, dyad^^c, rddicaly according to the 
nutnber of monad atoms required to complete its active atornieity'. 
Such a radical, when a monad, triad, or pentad, caiinot exist 
as a separate group ; like hydrogen or nitrogen, when isolated, 
it combines with another group of atoms like itselfj forming 
k duplex molecule. It is only by this union of two eemi- 
molecules that the vacated bonds can be satisfied. 
• The following are two of the principal series of compound 
organic radicals : — 



Methyl. 


Monads. 

fCH, „, fMc 


Methylene... 


Djrads. 

CH, or Me"*. 


Ethyl . 


f an. ^ f Et 


.. J:thyle^e...,. 


C.,5, or. Et".: 


Propyl . 


C3H, f Pr 


Propylene . . . 


C3H, or Pr". 


Butyl . 

• 


fC,H fBu 


Butylene . . . 


C.HjOrBu", , 


Amyl . 


f C,H„ f Ay 


Amylene . . . 


C.H,,orAy". 



' Organic radicals are the Analogues of the inbnad, dyad, 
and triad elements of mineral chemistry. • 

Such being the constitution of the organic radicals, we will 
now proceed to investiga,te their functions in organic 'con£> 
pounds, and to examine the general plan upon which these 
compounds are, on the atomic hypothesis, built up. 

We shall be assisted iu our investigation if we reduce the 

formulae of these compounds. to a few types or fundamental 

forms. In doing this it is necessary to avoid, as far as possible, 

all empirical grouping of atoms. Our formulae ought to express, 

as exactly as possible, how the elements are combined with each 

other. Thus in a compound containing CajHyO^, the formula 

ought to show, first, whether the hydrogen is combined with 

carbon or with oxygen; or i ? combined with both, ii should 

indicate how many atoms are united with carbon, and how 

^ Only known in combination. 
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4 TYPES OF ORGANIC COMPOUNDS, 

many with oxygen. Secondly, the formula ought to show 
whether the oxygen is united with carbon or with hydrogen, or 
partly with the one and partly with the other, or, lastly, whether 
it is performing the function of linking hydrogen to carbon. 

This information is most completely given, in notation, by 
making carbon the dominant or grouping element in non- 
nitrogenous compounds, and nitrogen in the remaining organic 
compounds. 

Non-nitrogenous organic compounds, exclusive of organo- 
metallic bodies and organo-boron and silicon compounds, can be 
conveniently considered under the two following types, viz. : — 

H 



1. The monadelphic, or marsh-gas 1 -^ fi tt 

typ® J I 

H 

H H 

2. The diadelphic, or methyl type ... H — C — C — H 

H H 
. ' Nitrogenous organic compounds arrange themselves in the 
most convenient manner under the two following typos : — 

H 

3. The ammonia type Jr 

CI 



4. The ammonic-chloride type H — N ^H 

In addition to these types a few others will be occasionally 
necessary, such as : — 

H H H 

5. The triadelphic typo H C C C— H 

I I I 
H H H 



FORMULA OP OEGANIC COMPOUNDS 5 

H H 

6. The double raonadelphic type ... H— C— 0—C— 11 

I I 

H H 

H H 



7- The condensed diadelphic orl C=C 

H H 



olefinetype J |~ i 



Double, and sometimes even treble ammonia and amnionic- 
chloride types are required for certain compounds, but they 
do not need special description here. 

The above types are written symbolically as follows :— 

1. Monadelphic typo , CH^. 

f CH 

2. Diadelphic type I CH^* 

3. Ammonia type N"'H3. 

4. Ammonic-chloride typo rTH^CI. 

rcR 

6. Triadelphic type 



C. Double monadelphic type 



CH,. 
CH3 

fCH, 
. 
CH, 



7. Condensed diadelphic type "j Q-g;^. 

In order to facilitate the use of these symbolic types, it is 
advisable to become familiarized with the symbols of the fol- 
lowing analogues of hydroxyl, in addition to those already 
given for inorganic compound radicals at p. 28 of vol. i., and 
for the monad and dyad radicals at p. 3 of the present 

volume: — 

Methoxyl CH3O or Meo. 

Ethoxyl OjH^O or Eto. 

Propoxyl C3H7O or Pro. 

Butoxyl C^H^O or Buo. 

Amoxyl O^HjjOor Ayo. 
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DEYBLOPMBNT .OF FORMUL-ffi. 



FormulsD written on the triadelphie type can be reduced to 
the diadelphic type, and those on the latter to the monadelphic 
type,- as follows :— •*• - . .... . . 

Triadelphie t>ij»delphio. ' Monadelphic. '^ 

The above alternative monadelphic fdrtiltllaB, although' appa- 
rently different, are in reality identical, as can be easily 
proved by expressing both graphically, tlius :•— 



- H 

I 



H 



H 

I 
-C— 



H 



H 

— C— H 



H 



H H 



OEtH, 



H— C 

I 

H 



-C- 

I 
H 



H 



— C— H 

I 
II 



On the other hand, mDnadelphic formulae, if they contain a 
sufficient number of carbon atoms, can be expanded into diadel- 
phic, triadelphie, &c. formulse in thB following manner :-^ 

rcH, 

CMeH. 



CH, 



OH, 

ch: 



CH. 



CT*„PrTr - / CPrH,_ I CH, _J CH, _ J CH 
CBuPrH,= J Qp^jj=_ -^ Qjj^ =<CH, ^^CH 



Normal butyl, or 
plated meth 
Molecule.) 



propylated methyl 



CEtK 






ICH, 
CH, 



V. 



This development of normal butyl depends on the following 
facts : — Ist, that normal butyl is propylated methyl ; 2nd, thai 
normal propyl is ethylated methyl ; and 3rd, that ethyl is me- 
thylated methyl. 

Secondary and tertiary organic radicals (see p. 10) cannot 
be completely developed vertically : — 



GRAPHIC FORMULA. 



JCEfcMeH _ 
\CEtMeH " 

Methylo-etiiylated 
xueth^. (Molecule.) 



fCMe, 
tCMe, - 

Trimethylated 
methyl. (Molecule.) 



CMeH, 
CMeH 
CMeH' 
CMeH, 



OMe,. 
CMe. 



CH, 



OH3 

OH, 

. CMeH 

^ iCMeH 

CH, 

CH, 



= < 



y 



^CH- 
OH, 

CHCCH,) 
CHCCH,) = 
CH, 



CH3 

C(CH3)(CH3) 

C(CH3)(CH3)- 



. It will be seen, on comparing the above formulse with the 
graphic representation of the respective compounds, that both 
express the same ideas of constitution. Thus in the developed 
symbolic formula of normal butyl it is evident that the two ex- 
treme carbon atoms are each united with three atoms of hydrogen 
and one of carbon, and all the intermediate carbon atoms with 
two of hydrogen and two of carbon, exactly as shown in the 
following graphic representation : — 



H H H H 

I I I I 
H— C— C— C— C— 



H H H H 



H H H H 



— C— C— C— C— H 



H H H H 



l^ormal butyl or propylated methyl. (Molecule.) 



Prom the developed symbolic formula of methylo-ethylated 
methyl, it is evident that the two central carbon atoms are 
united with three atoms of carbon and one of hydrogen, that 
the two extreme carbon atoms are united with one fttom of car- 
bon and three of hydrogen, that the intermediate carbon atoms 
a^e joined to two hydrogen and two carbon atoms, aifd that the 
remaining carbon atoms are each combined with one atom of 
carbon, and three of hydrogen, thus : — 
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CLASSIFICATION OP OEQANIC COMPOUNDS. 



H 

H H 

I I 



H 



H 



H— C— C— C— 
H H H 



H H H 

Mil 

i_C_0— c— 



H 



H— C— H 



H 

Methylo-ethylated meth^L (Uoleonle.) 

Lastly, in the developed symbolic formula for trimethylated 
methyl, the two central atoms of carbon are each united with 
four carbon atoms, and all the remaining atoms of carbon are 
united with three of hydrogen and one of carbon, thus : — 



H 

I 
H— C-H 



H 
H— C— H 



H 



H— C- 



•C- 



H 



•C- 



H— C— H 



H 

I 

c— n 

I 

H 



H— C— H 



H H 

Trimethylated mctliyl. (3Xolecule.) 



CLASSIFICATION OF OKGANIC COUFOUITOS. 

The most important organic compounds con be conveniently 
divided into the following thirteen families : — 

1. Organic radicals. 

2. Hydrides of organic radicals. 



POSITIVE RADICALS. tf 

3. Alcohols. 

4. Ethers. 

5. Haloid ethers. 
G. Aldehydes. 

7. Acids. 

8* Anhydrides. 

9. Ketones. 

10. Ethereal salts. 

11. Organic compounds containing triad or pentad nitrogen. 

12. Organo-boron and silicon compounds. 

13. Organo-metallic bodies. 



CHAPTER II. 



OEGAIflC BADICALS. 

This family of organic compounds is divided into two 
classes : — 

Class I. Positive radicals. 
Class II. ^Negative radicals. 

Class I. 
POSITIVE BADICALS. 

Monads. 
Methyl or (CnHs,^.!)^ Series. 
Vinyl or (C„H2„_i)2 Series. 
Phenyl or (CnHun.^)^ Series. 

Dyads. 
Ethylene or C„H2« Series. 
Acetylene or C,jH2n_2 Series. 
Phenylene or C,»H2„_8 Series. 

Triads. 
Glyceryl or (0„H2,»-i) '"a Series. 
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Class I. 

FOSITIVU EADICAL8. 
MONADS. 
METRTL or (CnHj^x), SERIES, 

These radicals are divided into three sections, viz. Normal, 

Secondary, and Tertiary : — • 

General formulsa. 

1. Normal Eadicala -• {c(c"H"^0H'• 
2. Secondary Eadicals ' ../ { §(^«§2^«+^^^^ 

3. Tertiary Eadicals | cSc^Hr^V 

In the first of the above formulee n may =0, but in the 
others it must be a positive integer. 

Examples of the tertiary series of radicals may be seen in the 
tertiary fatty acids. They have not yet been isolated. 
^ It is evident that, besides the three series of radicals shown 
above, three other series, containing, in the same molecule, 
normal and secondary, normal and tertiaiy, and secondary and 
tertiary radicals, may e3dst ; but up to the present time only 
one or two examples of such radicals are known. 

By- the action of zincic ethide on the chloride obtained from 
acetone by means of phosphoric chloride, a Hydrocarbon is ob- 
tained, which may be regarded as a mixed normal and tertiary 
monad positive radical: ethyl etho-dimethomethyl or ethyl 
isoamyl: — 

Chloride from Zincio Zincio Ethyl ethodime- 

acetone. ethide. chloride. thomethyl. 

1. Normal Radicals, 

This series contains the radicals of the methylic scries of 
alcohols. 
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These radic&l9 also enter into thocomposition of the normal 
senes of fatty acids. 

The following list, contains all the radicals of this section 
that have been hitherto obtained : — 

pointa. 

Methyl i Ma* °^ I Clj'* ••'•••••• not known. 

■ fCH, 



■o , /Pr fOEtH- , 



CH, 



+ 68". 



■a 



^^^y^ (i;. o'(§£i: ••• ■■■^• 

^-y' {%' -{giiJi: i59». 

Caproyl ...... JCP ,,^C^^. 202». 

Freparation. — 1. By tte action of zinc on the iodides of the 
normal radicals :^— 

V Part of the liberated radical is at the same time decomposed 
into the hydride of tihe radical and the corresponding dyad 
radical : — 

A remarkable special method for preparing ethyl consists in 
exposing mercury and ethylic iodide to the influence of sun- 
light: — 

*2EtI 4- Hg = Hgl, + Et,. 

• Bth^lio Merourio Ethyl^ 

iodide. iodide. 
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2. By the electrolysis of the salts of the normal fatty acids. 
In this process, nascent oxygen acts upon the fatty acid, con- 
verting its oxatyl into carbonic anhydride, the positive radical 
being set free : — 

2|coHo + ^ ^ tC(C„H,^0H3 

Fatty add. Badical. 

+ 2C0, + OH,. 

Carbonic Water, 

anhydride. 

3. By acting with zinc upon the iodides of two radicals simul- 
taneously, the so-called double or mixed radicals are produced : — 



Mel + EtI + Zn = Znl, + 



/Me 

iEf 

Methylio Ethylio Zindo Methvl 

iodide. iodide, iodide. ethyl. 



ETHYL. 
H H 

jCMeH, H-t— C— 

H H 



H H 

I I 
— C—C— H 

H H 



Molecular weight c=68. Molecular volume FTI . 1 litre of 
ethyl gas weighs 29 critha. BoiU at about —23° C. 

Preparation. — By digesting together in a close vessel at 120® 
et hylic iodide and zinc, the reaction being similar to that 
between hydriodic acid and zinc : — 

Zn + 2HI = Znl, + j^- 

Hydriodic Zindc Hydrogen, 

add. iodide. 

Zn + 2EtI = Znl, + |g. 

Ethylic Zindo Ethyl, 

iodide. iodide. 
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2. Secondary BadkaU, 
Two secondary monad positive radicals are known : — 

Isopropyl {cMelH ^"'^""^ ^^ 

Amyl-jsopropyl ... j Qg^^ » » 110° 

riNTL SERIES. 
General formula... {ggJ-;)5». 

The first member of this series, vinyl, has not yet been 
isolated. 

ALL7L. 

f C3H, ^^ f C(CMe"H)H, 
• • 1 C^H; ^^ 1 C{CMe"H)H; 

H : H 



H H H H H H 

Molecular weight =82. Molecular volume m * 1 litre of 
allyl vapovr weighs 41 criths, Sp,gr, 0*684. Boils at 59°. 

Preparation. — By digesting allylic iodide with sodium, and 
then distilling : — 

Na, + 2C(CMe"H)H,I - {S^CMe'-'H)!: + ^^al- 

Allylio iodide. Alljl. Sodio iodide. 

Character. — Bromine and iodine unite directly with allyl, 
producing allylic tetrabromide and tetriodide. In these com- 
pounds the molecule of allyl plays the part of a tetrad radical. 

In allylic tetrabromide, four latent carbon bonds in the mole- 
cule of allyl have become active, and have united with four atoms 
of bromine : — 

fC(CMe"H)H, , T.^ _ r C[C(CH,Br)BrH]H, 
tC(CMe"H)H, ■*" -^^^ "■ \ C[C(CH,Br)BrH]H; 

• ^AlljU Allylio tetrabromide. 



14 
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An analogous case is met with in ferric chloride, where two 
tetrad atoms, united by one bond of each, become together 
hexadic : — 

jPeCV 

Alljlie monobromide can only be obtained \yft\ie actioii of 
phosphorous tribromide on allylic alcohol : — 



3C(CMe"H)H,Ho + PBr^ 



Allylic alcofiol. 



Phosphorous 
tribromide. 

+ POHHo,. 

Phosphorous acid. 



3C(CMe"H)H,Br 

Allylic monobromide. 



FHENTL SERIES. 

{C 
c" 



H.2«-7 



These radicals are but imperfectly known. The following 
have been isolated : — 



Phenyl 



Tolyl. 



{ 
( 



C.H, 
C.H.Me 



T, , fCH,(C,H.) 



Amyl benzol or amyl pheuyl... C,H5(C,H„) = 



.CAy-i 
"JCH 
•-lOH 

iOH 

OH 

"^CH J 

ICH 
Amyl tolu^ or amyl benzyl... C,H4(CH,)(C,H„) = "JQ-g- 

JOH 

. ."'CMeJ 



FHENYI. 8EBIS8 OV BADICAL8. 
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//. 



Amyl xylol , :... O.H,(CH,),(C.H„)= 



II' 



A 



CH 

OH 
CMe 

OMeJ 



PHENYL. 



{ 



H— C 



H 

I 

/ 



H 



C- 

i 



:0 
A 

c 

// 

■c 



C.H. 
C.H.: 



H 

I 
C 

/ 

— c 

W 
c 



H 



H 

I 



\ 
C— H 

// 



— C 



H 



A 



Molecular weight =154. Molecular volume I I I . 1 litre oj 
phenyl vapou/r weighs 77 criths. Fuses at 70°. Boils of 
240°. 

Preparation. — ^By tie action of sodium on plienylic bro- 
mide : — 

2CeH,Br + Na, = { 

Phenylic bromide. Phenyl. 

Seaction, — By treatment witli bromine, pbenyl produces 
bromphenyl and hydrobromic acid :- 

{o:l: + ^v=.{c:g:lr + ^hb. 



6 S 

Sodic bromide. 



Phenyl 



Bromphenyl. 



Hydrobromic 
acid. 
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CHAPTER III, 
POSITIVE EADICALS. 
D7ADS. 
UTEYLUNU or C„ Hg^ SUBIUS. 

Preparation. — ^These compounds are produced as follows : — 

1. In many cases of destructive distillation, where, however, 
the reaction cannot bo traced. 

2. By the abstraction of the elements of water from tlio 
normal monohydric alcohols of the methylic series, as for in- 
stance : — 

tCH,Ho "- JCH, + "^«- 

Ethjlio aloohoL Ethylene. Water. 

8. By. passing the vapours of the hftloid compounds of the 
normal monad radicals of the CnH^^i series over heated lime, 
thus: — 

{c?:ci -"{Sh: + Hci 

Ethjrlio Ethylene. Hydrochloric 

chloride. acid. 

4. By the transformation of the monad radicals at the mo- 
ment of liberation from their compounds, when they split into 
dyad radicals and the hydrides of monad radicals : — 

f C(CH,)H, _ „ f OH, f CH3 

l0(CH.)H, - tCH, + tcH,- 

Ethyl. Ethylene. Ethylio 

hydride. 

5. By the action of the iodide of a monad radical on the 
sodium compound of a monad radical : — 

tCH;i + jc^Na =-^^1+102^ + tCH; 

Ethylic Sodio Sodio Ethylene. Ethylio 

iodide. ethide. iodide. Lydridi). 



ETHYLENE SERIES. 17 

6. Methylic iodide and allylic iodide dissolved in ether and 
digested with sodium in sealed vessels produce methyl-allyl, an 
isomer of butylene : — 

CH " k ^ a 

8 

MeihrUo AU7U0 Methyl-aUyL 

iudiae. iodide. 

7. By the action of zincic ethide on ally lie iodide, ethyl-allyl, 
isomeric -with amylene, is obtained : — 

rOH, ,OH, "icH 

ZnEt, + 2 "JCH = Znl, + 2 "JCH or J OH • 

^OH,I ^CH,Et 1 CH, 

I OH, 

Zinoio Allylio Zinoio Ethyl-allyl.' 

etiiide. iodide. iodide. 

8. By treatment of vinylic bromide (brominated ethylene) 
with zincic ethide, ethyl-vinyl, isomeric with butylene, is pro- 
duced : — 



=^» + 2{ch!bp=^»«^» + 2{o°H 



or 



OH 



a 



Et "* CH, 

I chI 

Zinoio Vinjrlio Zinoio Ethyl-vinyl, 

ethide. bromide. bromide. 

Methyl-allyl differs from ethyl-vinyl. 

Character, — The lower members of this series of dyad radicals 
are gaseous, the higher solid, and the intermediate ones liquid. 

The following list includes the known dyad radicals of this 
series, together with their fusing- and boiling-points :— ■ 

Foaing- Boiling- 
point, point. 

Ethylene C^H, 

Propylene OJI^ 17*8 

Pseudobutylene ©4^8 7*0 

Isobutylene / ^t^a 50 

Butylene C^H^ f- 30 

Amylene C^Hio 350 

Hexylene ^qBlu 390 

TOL. II. 



,o 
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Fosdng- Boding- 
point, point. 

Heptylene or (Enanthylene . . . C^Hj^ 65*0 

Octylene or Caprylene CgHig 950 

Nonylene C9H18 125 

Paramylene Cio^ao 

Cetene CieHgo 

Cerotene C,,h/, 57° 275 

Melene C,,U,, 62 375. 

Reactions, — 1. The dyad radicals of this series all unite 
directly with chlorine, bromine, and iodine, producing com- 
pounds which, in the case of ethylene, are represented by 



( 



CH,C1 


f CH,Br 
1 OH^Br 


fCHJ 
■CHJ- 


Ethvlenic 
diohloride. 


Ethylenio 
dibromide. 


Ethylenio 
diiodide. 



These compounds, when treated with alcoholic solution of 
potassic hydrate, lose one molecule of a hydracid, thus : — 

Ethylenio Potasno Potaano Yinyho chloride. Water. 

diohloride. hydrate. chloride. or chlorinated 

ethylidene. 

The monochlorinated radical thus obtained again unites with 
two atoms of chlorine, producing chlorinated ethylidenic di- 
ohloride, 

f CHCICI 
tCH,Cl ' 

which, by further treatment with alcoholic potash, yields dichlo- 
rinated ethylidene ; and so, by alternate treatments with chlorine 
and potassic hydrate, ethylene becomes transformed into tetra- 
chlorinated ethylidene. The following formulae show the first, 
intermediate, and final compounds : — 

„fCH, fCH,Cl f"CH fCHClCl JCHCICI 
\Ctt, tCH^Cl ICH^CI tCH,Cl \"CH 

f CHCICI J "CCl f CCICL, f CCl, 
1 CHCICI t CHCl, t CHCICI \ "CCi* 



ETHYLENE AKD ETHYLIDENE. 
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Tetrachlorinated ethylidene absorbs two additional atoms of 
chlorine, producing the solid dicarbonic hexachloride :•*— 

fCCl,. 

Icci, 

Dioarbonio hexachloride. 

2. The dyad radicals of the ethylene series can be transformed 
into the monad radicals from which they are derived If ethylene 
be digested with hydriodic acid for 50 hours at 100*^ C, it is 
transformed into ethylic iodide : — 

CH„ . ..X _ fCK 



1 



CH, 



Ethylene. 



+ HI = 

Hydriodio 
aeidk 



lCH,r 

Eih^lio 
iodide. 



From this, ethyl may be prepared, as shown at p. 12. 
Isomerism of ethylene and etliylidene comjpounds. — The chlorides 
of the dyad radicals are isomeric : — 

1. "With the chlorides of the monochlorinated normal monad 
radicals. 

2. "With the chlorides derived from the aldehydes, which, 
however, are identical with the chlorides of the monochlorinated 
normal monad radiciils : — 



{ 



CH,C1 
CH,C1 

Ethylenio Ethylidenio diohlo- 

' " > (obtained f 
aldehyde.) 



;hy 



diomoride. 



/0H3 

1 CHCl, 

_ . lylidenio diohl. 
ride (obtained from 



t CHCl,- 

Monochlorinated 
etbylio chloride. 



These substances, when treated with alcoholic potash, all 
yield the same vinylic chloride : — 



f CH,C1 
t CH,C1 

Ethylenio 
diohJoride. 

CHCL 



+ KHo = {cjj^ci 



+ OH, + KCI. 



Fotassio 
hydrate. 



{ 



+ KHo = 

Potassio 
hydrate. 



Vinylic 
chloride. 

_ J"CH 
t CH,C1 

Vinylic 
chloride. 



Water. 



Fotassic 
chloride. 



+ OH, + KCl. 



9 

Water. 



Potassic 
chloride. 



Monochlorinated 

ethylic chloride, or 

Ethylidenic dichlo- 

ride. 

But certain compounds of ethylene yield paralactic acid, 
whilst the corresponding compounds of ethylidene give lactic 

c2 
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acid. The boiling-points of their chlorides also differ, ethy- 
lenic dichloride boiling at 85°, whilst ethylidenic dichloride 
boils at 64° ; on the other hand, ethylenie oxide boils at 13°'5, 
whilst ethylidenic oxide (aldehyde) boils at 20°. 
The oxides of the dyad radicals are isomeric : — 

1. "With the corresponding aldehydes. 

2. "With the alcohols of the vinylic or CnH2„_iHo series. 
The nature of this isomerism is seen from the following for- 

mulsB : — 



1 CH,^ t COH t CH,H 

Eth^lenio Acetic Yinylio 

oxide. aldehyde. alcohoL 



ETHTLENE. 
H H 



"{ 



CTT 



Molecular weight =2S, Molecular volume ri~1 » 1 litre weighs 
14 criths, 

Preparation. — See general methods (p. 16). 
Reactions. — 1. Decomposed into carbon and marsh-gas by 
passing through a red-hot tube : — 



-» = CH, + C. 



2 

Ethylene. Marsh- 

gas. 



2. Bums in chlorine with deposition of carbon : — 



" 



Q2» + 2C1, = C, + 4HC1. 

Ethylene. Hydrochloric 

add. 



3. Ethylene when agitated with solution of potassic perman- 
ganate is oxidized, oxalic acid, formic acid, and carbonic anhy. 
dride being formed : — 



ACETTLElfE. ^ 21 

C,H. + O, = {ggg° + OH,. 

Ethylene. Oxalic Water. 

acid. 

0,H, + 0. = {gog^ + CO, + OH.. 

Ethylene. Formic acid. Carbonic Water. 

anhydride. 

Eihylidene, the isomer of ethylene, has not yet been isolated, 
unless the hydrocarbon CgH^ derived from the transformation of 
ethyl is this body. The constitutional formula of ethylidene is 

H 



( 



CH3 H— C— H 
"CH • I 

H— C 



ACETYLENE or C^R^n^i SERIES, 

Acetylene is the radical belonging to this series which is 
best known. The series comprises the following members : — 

Acetylene ^2^2- 

AUylene CgH^. 

Crotonylene C^HIg. 

Valerylene ^5^^. 

These fadicals stand in the same relation to the alcohols of 
the yinylic series as ethylene bears to e thy lie alcohol. They 
are also probably capable of assuming tetrad functions. 



ACETTLENE. 



TA^^{"c2- ^ 



«6Z^_H or H-C-C^H 

O (J 



Molecular weight =-2Q, Molecular volume fTl . 1 litre weighs 
• 13 criths. 
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Freparation, — 1. By synthesis from its elements. "When an 
electric arc from a moderately powerful voltaic battery passes 
between carbon poles in an atmosphere of hydrogen, acetylene 
is produced. 

2. By the action of water on potassic carbide : — 



0,E, 


.+ 


20H, 


= 0,H, + 


2KHo, 


Fotaano 
carbide. 




Water. 


Acetylene. 


Fotascdo 
hjndrate. 



3. By the action of heat upon olefiant gas or the vapour of 
alcohol, ether, or wood-spirit, or by passing electric sparks 
through marsh-gas : — 

2CH, ^ C,H, + 3H,. 

Marsh-gas. Acetylene. 

4. By heating the vapour of methyHc chloride to low red- 
ness : — 

2CH3CI = C,H, + 2HC1 + Ha- 

Meth^lio Acetylene. Hydrochloric 

chloride. acid. 

5. By passing the vapour of chloroform over ignited copper : — 

2CHCI3 + Cue = C,H, + 3'C<C1,. 

Chloroform. Acetylene. Cuprous 

chloride. 

6. By the action of calcic carbide upon water : — 

C,Ca" + 20H, = C,H, + CaHo,. 

Calcic Wafcer. Acetylene. Caldc 

carbide. hydratei 

7. From vinylic bromide, one of the derivatives of*ethylene, 
acetylene may be obtained by the action of alcoholic potash :— » 

C,H3Br + KHo = C,H, + KBr + OH,. 

Vinylic Potassic Acetylene. Potassio Wafcer. 

bromide. hydrate. bromide. 

8. By the incomplete combustion of bodies containing car- 
bon and hydrogen : — 

4CH, + 30, =: 2C,H, + 60H,: 

Marsh-gas. Acetylene. Water. 

2C^. + 0, = 2C,H, + 20H,. 

Olefiant gas. Acetylene. Water. 

The crude acetylene, obtained by any of these processes, is 
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best purified by passing it through an ammoniacal solution of 
cuprous chloride, with which it forms a red precipitate con- 

r c;cu'jP Cu-cu Cu-Cu 

^ c;cu';a' h— c— c~o— c—c-h 



taining 



2'Cu',Cl, + 2C,H, + OH, = Jo* ' + 4HC1. 

I o;cu',H 

Coproos Acetyle&e. Cnprosovinylic Hydrochloric 

chloride. ether. (Aoetylide acid. 

of copper.) 

If ethylene has been present in the crude acetylene, the 
liquid containing the red precipitate is next heated to boiling, 
in order to decompose a compound which ethylene forms with 
copper. The cnprosovinylic ether is then collected upon a 
filter and washed. On heating cuprosovinylic ether with 
hydrochloric acid, pure acetylene is evolved : — 

C;Cu',H 

O + 4HC1 = 2C,H, + 2'Cn'A + OH,. 

C;Cu',H 

CnproflOTinylio Hydrochloric Acetylene. Cuprona Water, 

ether. (Acetylide acid. chloride. . 

ofoopx>er.) . 

Reactions, — 1. "When cuprosovinylic ether is heated with zinc 
and dilute ammonia, the nascent hydrogen, evolved by the action 
of the zinc upon the ammonia, unites with acetylene, producing 
ethylene : — 

C 'Cu' H 

O' ' + '2H, = 2C,H, + 4Cu + OH,; 






0,'Cu',H 



Cnprosovinylic Acetylene. Water, 

ether. 

CjHj, + H2 = CgH^. 

Ace^lene. Ethylene. 

2. Acetylene is absorbed by sulphuric acid, producing vinyl- 
sulphuric acid : — 

C,H, + SO,Ho, = SO,(C,H30)Ho. 

Acetylene. Sulphuric vinyl-sulphuric 

acid. add!. 
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3. Acetylene unites with bromine, forming acetylenic dibro- 
mide : — • 

'"C',H, + Br, = "C",H,Br,. 

Acetylene. Aoetylenio 

dibromide. 

4. By agitating acetylene with solution of potassic perman- 
ganate, oxalic acid is formed :— 

\CH ■*" ^^^ ~ tcOHo- 

Acetylene. Oxalic acid. 

Carbonic anhydride and ormic acid are simultaneously pro- 
duced : — 



BSOMACETTLENE. 
CHBr. 



2' 



By boiling together dibromethylenic dibromide with alco- 
holic potash, a spontaneously inflammable gas is evolved, which 
is bromacetyJene. 

{S™r = HBr + Br, + C,HBr. 

Dibromethjlenic Hydrobromic Bromacetylene. 

dibromide. acid. 



FHEinrLENE or CJI^^^ SERIES. 

The dyad radicals of this series are very little known. 
The following have alone been isolated : — 

Phenylene, CgH^. 
Toluylene or Stilbene, C^Hg. 
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JPOSITIVU BABICALS. 

TBIADS. 

These radicals are unknown in the separate state, unless they 
are identical with the dyad radicals of the acetylene series : — 

GTf ^ fCCH)'" 
^2Ji2 — I (CH)'"' 

Acetylene. Formyl. 

They are, however, well known in a numerous class of com- 
pounds belonging to families which will be studied hereafter. 



CHAPTER IV. 

OBaAinC BADICALS. 

Class II. 
NEGATIVE BADICALS. 



Every positive radical may be looked upon as the source of a 
negative radical, which is generated by displacing a portion of 
the hydrogen of the former by oxygen. Thus : — 

^%l [c^\ yields acetyl jg^g 

^yi {o:i: » ""^^i {S:^8- 

Ethylene (C,h')" » gljcolyl (c[h'o)". 
Propylene (C.H,)" „ lactyl (C,H.O)". 

» malonyl (C,H,0,)". 

The constitution of the so-called compounds of these negative 
zadicals may, however, be more simply explained from another 
point of view -, and, in fact it will rarely be necessary for us to 
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recognize the existence of more than two negative radicals, in 
order to understand the whole range of negative organic com- 
pounds. These are : — 






•(Or 



Oxatyl, the molecule i^^tt 0=C- 
of which k. dry {cog« I 



oxalic acid. 



-G=0 

I 




H H 



These two radicals are the acidifying principles of nearly all 
organic acids; they are, therefore, highly important compounds. 
The semimolecule of each consists of an atom of carbon, one 
bond of which is free to combine with other elements or groups 
of elements, the other three bonds being saturated, in cyano-* 
gen by triad nitrogen, and in oxatyl by one atom of oxygen 
and one semimolecule of hydroxyl. In the molecules of both, 
the two free bonds of the carbon saturate each other. 

These radicals are closely related to each other. Thus, if 
cyanogen be dissolved in water, it is soon transformed into 
ammonic oxalate : — 

\CN"' + *"^» - tOO(N'H.O)' 

Cjranogen. Water. Ammonio oxalate. 

In the presence of potassic hydrate, cyanogen evolves ammonia 
and produces potassic oxalate : — 

gg: + 2KHo + 20H, = {gg|° + 2NH.. 

Cjranogen. Potassic Water. Potasrio Ammonia, 

hydrate. oxalate. 

From these salts, oxalic acid, or the molecule of oxatyl, may 
be readily obtain^ by the action of sulphuric acid. 



{ 
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In the converse manner, oxatyl may be converted into cya- 
nogen, by transforming it into ammonic oxalate and submitting 
this salt to the action of heat :— 

tCO(N'H,o) ~ ^ ^ [ON"- 

Anunonio oxalate. Water. Cyanogen. 



CYANOGEN. 

Molecular weigJit =52. Molecular volume rTI - 1 litre weighs 
26 critha. Fuses at —34°. Boils at — 20°-7. 

Occurrence. — Amongst the gases of blast furnaces, — a proof 
of its withstanding an extremely high temperature. 

Preparation, — By the action of heat on mercuric cyanide : — 

HgCy, = Hg + Cy,. 

Heronrio Cyanogen, 

cyanide. 

This equation only partially expresses the reaction, as a brown 
non-volatile compound (paracyanogen), Cy„ is simultaneously 
produced. 

Beaction, — Cyanogen unites directly with potassium : — 

Cy, + K, = 2KCy. 

Cyanogen. Potaanc 

cyanide. 



HTDBOCTAinC ACID. 

{ Sc *"^ ^^y- 

Molecular weight =27. Molecular volume I I 1 . 1 litre of hg- 
drocyanic acid vapour weighs 13*5 criths. 8p. gr, of liquid 
0-7058. Fuses at —15°. Boils at 26°-5. 
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IBrepa/ration, — 1. In the anhydrous condition, by passing 
hydrosulphuric acid over mercuric cyanide : — 

HgCy, + SH, = HgS" + 2HCy. 

Mercorio Sulphuretted Merourio Hydroc^aiuo 

cyanide. hydrc^en. sulphide.* acioL 

2. By distilling potassic cyanide, or ferrocyanide, with dilute 
sulphuric acid : — 

2KCy + SO,Ho, = 2HCy + SO.Ko,. 

Potassic Sulphuric Hydrocyanic Fotasssic 

cyanide. acid. acid. sulphate. 

3. By passing nitrogen over an ignited mixture of potassic 
carbonate and carbon : — 

COKo, + C, + N, = 2KCy + SCO. 

Potassic Potassic Carbonic 

carbonate. . cyanide. oxide. 

The potassic cyanide thus formed is then treated according 
to process No. 2. 

4. By heating together an alcoholic solution of ammonia, 
chloroform, and potassic hydrate : — 

WTH, + CHCI3 + 3KHo = 3KC1 + NCH + 30H,. 

Ammonia. Chloroform. Hydrocyanic 

acid. 

Reactions, — 1. Hydrocyanic acid in contact with water slowly 
passes, partly into ammonic oxalate as mentioned at p. 26, and 
partly into ammonic formate : — 

NCH + 20H, = {co(N^H,0). 

Hydrocyanic Water. Ammonic 

add formate. 

2. If hydrocyanic acid be mixed with concentrated hydro- 
chloric acid, formic acid and ammonic chloride are produced : — 

NCH + 20H, + HCl = {cOHo + ^'^^^^ 

HydroNi^anic Water. Hydrochloric Formic Ammonic 

add. add. add. chloride. 

3. The displacement of the hydrogen in hydrocyanic acid by 
metals gives rise to a very extensive series of single and double 
cyanides. The following is a list of the most important of 
these compounds : — 
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Single Gi/anides. 

Potassic cyanide KCy. 

Zincic cyanide ZnCy,. 

Cadmic cyanide CdCy . 

Nickelous cyanide JUiCj^, 

Argentic cyanide AgCy. 

Mercuric cyanide HgCy^. 

Aureus cyanide AuCy. 

Cuprous cyanide 'Oji'.jCj^, 

Ferrous cyanide TeCj^, 

Cobaltous cyanide CoCy^. 

Double Cycmides, 

Dipotassic zincic tetracyanide K^Zn", Cy^. 

Dipotassic cadmic tetracyanide KjCd", Cy^. 

Dipotassic nickelous tetracyanide K2-^^"> ^J 4- 

Potassic argentic dicyanide K Ag, Cyj, 

Potassic aureus dicyanide KAu, Cyg. 

Potassic auric tetracyanide KAu'", Cy^, 

Dipotassic cuprous tetracyanide K^'Cu^j, Cy^. 

Dipotasssic platinous tetracyanide K^Pt", Cy^. 

Tetrapotassic diplatinic decacyanide K^/Pf'^CyiQ. 

Tetrapotassic ferrous hexacyanide. (Po- 
tassic ferrocyanide.) K^, Fe^'Cyg. 

Hexapotassic diferric dodecacyanide. (Po- 
tassic ferricyanide.) Kg, 'Fe'"aCyij. 

Hexapotassic dicobaltic dodecacyanide. 

(Potassic cobalticyanide.) Kg, ' Oo"\Qj^^. 

Hexapotassic dichromic dodecacyanide ... Kg, 'Cr"'2Cyi2. 

Hexapotassic dimanganic dodecacyanide . . . Kg'Mn"'2, Oj^^. 

The cyanides of the alkali metals when fused in contact with 
air, absorb oxygen, producing cyanates : — 

KCy + O = CyKo. 

Potassic Potassic 

cyanide. cyanate. 

Some of the single cyanides, as potassic cyanide, are readily 
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decomposed by acids ; others, as ferrous and aureus cyanides, 
may be boiled with moderately strong acids without decom- 
position. 

Most of the insoluble single cyanides dissolve in solutions of 
the alkaline cyanides, forming double cyanides. Some of these 
double compounds, when acted upon by hydrochloric acid, evolve 
hydrocyanic acid, producing chlorides of both metals, as in the 
case of dipotassic zincic tetracyanide. These are called etisily 
decomposable cycmides^ and are indicated in the above Table by 
the comma being placed between the cyanogen and the metals. 

Other double cyanides do not evolve hydrocyanic acid 
under the influence of hydrochloric acid, but produce a 
chloride of one of the metals, the remaining elements of the 
compound uniting with hydrogen to form a complex acid. In 
the above Table the double cyanides of this class are indicated by 
the comma being placed between the metals. 

The most important of these double cyanides are the po- 
tassic ferrocyanide K^, Pe^'Cy^, and the potassic ferricyanide 
K., 'Fe"',Cy„. 



POTASSIC FBBEOCTANIDE. 

K„ Fe"Cy. or K.Cfy. 

Preparation, — 1. By placing a mixture of iron filings and 
solution of potassic cyanide in contact with the air, oxygen is 
absorbed and potassic ferrocyanide produced : — 

Fe + 6KCy + OH, + O = K,Fe"Cy. -f 2KHo. 

Potassio Water. Potassio Potassio 

cytoiide. ferrocjanide. hydrate. 

2. By digesting potassic cyanide with ferrous sulphide : — 

PeS" + 6KCy = K^Fe'Cy. -h SK,. 

Ferrous Potaasio Potasaio Potassic 

Bolphide. cyanide. ferrocyanide. sulphide. 

3. On a manufacturing scale it is prepared by fusing nitroge- 
nous animal matter with potassic carbonate and iron filings in 
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iron Tessels, lixmating the resulting mass with water, and crys- 
tallizing. 

Beactions, — 1. Potassic ferrocyanide, when fused with po- 
tasfiio carbonate, forms potassic cyanide and cyanate : — 

Pe"CyeK^ + COKo, = 5KCy + CyKo + Fe + CO,. 

Potassio Potasaio Potassio Potassdo Carbonic 

ferroqyamde. carbonate. cyanide. cyanate. anhydride. 

2. By mixing solution of potassic ferrocyanide with ether and 
hydrochloric acid, hydroferrocyanic acid is precipitated : — 

Fe'CyeK, + 4HC1 = 4KC1 + Fe^'Cy^H,. 

Potassio Hydrochloric Potassio Hydroferrocyanic 

ferrocyanide. add. chloride. acid. 

3. Potassic ferrocyanide produces, with solutions of ferrous 
salts, a light-blue precipitate, which rapidly becomes dark blue 
in contact with the air : — 

Fe"Cy.K^ 4- SO.Feo" = :Fe"Cj,'Fe"K, 4- SO.Ko,. 

Potassio Ferrous Light-bine Potassic 

ferrocyanide. sulphate. precipitate. solphate. 

4. "With ferric salts it gives prussian blue : — 
3Fe"CyeK, + 2Pe,Cle = 3Fe"Cy„ 2're"',Cy, + 12KC1. 

Potassic Ferric Prussian blue. Potassic 

ferrocyanide. chloride. chloride. 

5. With cupric salts it gives a red precipitate of cupric ferro- 
cyanide : — 

K,Fe"Cye + 2SO,Cuo" = Cu",Fe"Cye + 2S0,Ko,. 

Potassio Cupric Cupric Potassic 

ferrocyanide. sulphate. ferrocyanide. sulphate. 



POTASSIC FEBRICTANIDE. 

Ke, 'Fe"',Cy,, or K,Cfdy. 

Preparation. — By the action of oxidizing substances, such as 
chlorine or nitric acid, on potassic ferrocyanide : — 

2K,T'e"Cy. + CI, = K.Te"',Cy„ + 2KC1. 

Potassio Potassio Potassic 

fnrrocyanide. ferricyanide. chloride. 
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Reaction, — Potassic femcyanide produces no precipitate with 
solutions of ferric salts, but causes a deep-blue precipitate with 
ferrous compounds : — 

K;Fe"',Cy,, + 3SO,Feo" = Pe"3Te'",Cy,, + 3SO,Ko,. 

Fotassio Ferrous solphate. Tomball's blue, Fotassio 

ferrioyanide. solphaAe. 



OTHEB COHPOTTNDS OF CTAKOGEIT. 

There are three isomeric chlorides of cyanogen : — 
CyCl. Cy,Cl,. , Cy.Cl,. 

Ghaseous. Liquid. Solid. 

The molecular volume of all three cywnic chlorides is fTn * 

1 litre of gaseous cyanic chloride weighs 30*75 criths, 

1 litre of vapour of liquid cyanic chloride weighs ., . 61*6 „ 
1 litre of vapour of solid cyanic chloride weighs ... 92'25 „ 

Cyanogen produces, with hydroxyl, three isomeric acids and 
an isomeric neutral body : — 

Cyanic acid CyOH or CyHo. 

Cyanuric acid CygOgHg or CyjHoj. 

Fulminuric acid CyjOgHj or CyjHOj. 

Cyaraelido Cy^OnH^ or Cy„Ho„. 

When potassic cyanide is boiled with sulphur, the latter is 
dissolved and the solution contains potassic sulphocyanate : — 

CyK + S = CyKs. 

Fotassio Fotassio 

cyanide. aolphocyanate. 

This compound produces with ferric salts a blood-red colour. 



OZATTL. 

rcoHo 

\ COHo- 
This radical, in the isolated condition, constitutes dry oxalic 
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acid ; and in combination with hydrogen and other radicals it 
enters into the composition of nearly all organic acids. Acids 
containing one semimolecule of oxatyl are monobasic, those 
containing two are dibasic, and those containing three are tri- 
basic. 

The relations between methyl, oxatyl, and cyanogen are very 
simple : — 

H ^ H 

r-^-^ 1 ch; t?""r^~^ 1 CN'"- 

TT Methyl. 



H— C 

I 
H 



Cyanogen. 



-"-olggis- 



|.>^ OzatyL 



o=c— 

I 



i H 

In methyl the two carbon atoms are united together by one 
bond of each, the remaining three bonds of each atom being satu- 
rated by three atoms of hydrogen. In cyanogen the carbon 
atoms are united in the same manner, but the three remaining 
bonds of each carbon atom are saturated by triad nitrogen ; 
whilst in oxatyl the three remaining bonds are saturated with 
the dyad element oxygen and the monad radical hydroxyl. 

Oxatyl has not been united with chlorine to produce oxatylic 
chloride (COHoCl); nor has its hydroxyl been replaced by 

r coci .«^ 

chlorine to form < ^Qpi- When treated with phosphoric 
chloride, it yields carbonic oxide and carbonic anhydride : — 

{ COHo + ^^' = CO + CO, + 2Ha + POCI3. 

OxatyL Phosphoric Carbonic Carbonic Hydrochloric Phosphoric 

chloride. oxide. anhydride. acid. ozytrichloride. 
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OXALIC ACID. 

{ COHo' 20H, (crystallized). 

Occurrence. — In the form of the hydrie potassic salt in Oxalis 
acetosella, and in the form of different salts in many other 
plants, and also in the animal organism. 

JPreparation. — 1. From its elements through the medium of 
potassic cyanide. (See pp. 26 & 28.) 

2. By passing •carbonic anhydride over heated sodium : — 

Carbonio Sodio oxalate, 

anhydride. 

3. By the oxidation of a large number of organic compounds. 
Most organic substances are converted by oxidizing agents 
into oxalic acid before their final transformation into carbonic 
anhydride and v^ater : thus sugar is transformed into oxalic 
acid by the action of nitric acid. 

4. By heating sawdust with a mixture of potash and soda, 
oxalates of these bases are formed. 

Transformations. — 1. By the action of heat, oxalic acid is 
transformed into carbonic anhydride and oxatylic hydride, or 
formic acid : — 

rCOHo - CO 4. /^ 
jCOHo ~ ^^'^ "^ tCOHo- 

Oxalic acid. Carbonic Formic acid, 

anhydride. 

A portion of the formic acid is at the same time decomposed 
into water and carbonic oxide : — 

{cOHo = OH, + CO. 

Formic add. Water. Carbonio 

oxide. 

2. Substances having a strong attraction for watcF, such as sul- 
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phuric acid, transform oxalic acid into water, carbonic oxide, 
and carbonic anhydride :— 

f COHo 



\COHo 

Ozalioaoid. 



= CO + CO, + OH,. 



Carbonio 
oxide. 



Carbonic 
anhydride. 



2' 

Water. 



3. Heated with an excess of alkali, oxalic acid (or an oxalate) 
yields hydrogen and a carbonate : — 

fCOKo _^ 2KHo = 2COKo, + H,. 



\COKo 

Potassio 
oxalate. 



Potassio 
hydrate. 



PotaBsio 
carbonate. 



4. Argentic oxalate explodes when heated, producing silver 
and carbonic anhydride : — 



f CO Ago __ oco 4- 
jCOAgo " ^^^^ + 



Aga. 



Argentic 
oxalate. 



Carbonio 
anhydride. 



Salts of Oxalic acid. — Oxalic acid forms three series of salts : — 



NormaL 

fCOKo 
I COKo- 

{ coB'«'"- 



Add. 

fCOHo 
\ COKo- 

rcoHo 

CO 
^Bao" . 
I CO 
l^COHo 



Superacid. 



fCOHo 
t COKo' 



COHo 
COHo- 



OXAMIC ACID. 

fCO(N"'H,) fCOAd 
tCOHo °' jCOHo- 

Preparation. — By beating nydric amnionic oxalate to 230° : — 

fCO(N'H,0) _ jCOCN'-H,) Qjj 

tcOHo - tcOHo + "^»- 

Hydrio amnionic Oxamio acid. Water, 

oxalate. 

Beaction. — ^By boiling oxamic acid with water it is retrans- 
formed into hydric amnionic oxalate. 

D 2 
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OXAMIDE. 



f CO(N"'H,) f COAd 
t CO(N"'H,) ^"^ \ COAd- 

Preparation. — 1. By distilling normal ammonic oxalate : — 
fCO(NvH,0) _ „o^ , fCO(N"'H,) 

Normal ammonio Water. Oxamide. 

oxalate. 

2. By acting upon ethylic oxalate by ammonia : — 

f COEto , „-^ _ f CO(N"'H,) ^ „ 

jCOEto + 2™^» - \CO(N"'H,) + ^^*^°- 

Ethjlio Ammonia. Oxamide. Alcohol, 

oxalate. 

jReactions, — 1. Oxamide, when heated with phosphoric anhy- 
dride, evolves cyanogen : — 

fCO(N"'H,) _ „o„ , fCN'" 
tC0(N"'HJ - ^"-^^ + \CN"'- 

Oxamide. Water. Cyanogen. 

2. Dilute acids convert it into oxalic acid and ammonic 
salts : — 

fCO(N'"H,) . QOTT. ^ 90TT fCOHo 

Oxamide. Sulphuric acid. Water. Oxalic acid. 

+ SO,(NvH,OX. 

Ammonic sulphate. 

By distilling the oxalates of the compound ammonias instead 
of ammonic oxalate, compound oxamides are obtained : — 

rC0(N'MeH30) _ ^^tt _l /CO(]Sr'"MeH) 
\ C0(]Sr'MeH30) - "^"^^^ "^ \CO(N"'MeH)- 

Methylammonic oxalate. Water. Dimethyloxamide. 

fC0(N'PhH30) _ 20H + fCO(N"'PhH) 

Fhenylammonic oxalate. Water. Diphenyloxamide. 
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CHAPTER V. 

HYDRIDES OP THE ORGANIC RADICALS. 

This family is divided into two classes : — 

Class I. Hydrides of the Positive Radicals. 
Class II. Hydrides of the Negative Radicals. 



Class I. 

JBLTBBIBES OF THE POSITIVE BABICALS. 

Two series of hydrides belonging to this class are well known ; 
they are : — 

1. Hydrides of the Radicals of the Methyl series. 

2. Hydrides of the Radicals of the Phenyl series. 



1. HTDBIDES OF THE BADIGALS OF THE 
METHYL 8EBIE8, Marsh-gas or C„H2„+2 Senes. 

There is some difference of opinion as to whether these com- 
pounds are identical or isomeric with the radicals of tha methyl 
series. Thus methyl and ethylic hydride both contain CjHg, 
and ethyl and butylic hydride both contain C^Hk,. The graphic 
formulae exhibit no difference between these pairs of bodies re- 
spectively. Thus : — 

aH^H cHH^HH 



H — 



u^ 



H 



— C— H H— 



H 



— C— C- 
H H 



— C— C— H 



H H 



Hethjl or ethylic hydride. Ethyl or bntylio hydride. 

These formulae do not show us whether the molecule of 
methyl or ethylic hydride will separate at a and so be represented 

by the formula \ -^ ^^ ^ or at h and s# be written thus, 
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{ 



Q^^ ; or whether the molecule of ethyl or butylic hydride 

will separate at c, and so be formulated \ -rJ^ ^^^ * — or at d, 

when it should be represented by i n^PH ^TT* * Some experi- 
ments in connexion with this subject appear to show that these 
compounds are isomeric. 

A difference between methyl and ethylic hydride can only 
be conceived on the supposition that the four bonds of carbon 
have not equal values in combination, an hypothesis which is not 
altogether unsupported by facts. 

Preparation, — 1. There is only one process of general applica- 
tion for preparing these hydrides ; it consists in bringing water 
into contact with the zinc compounds of the respective radi- 
cals : — 

Zn(C^^x), + 20H, = ZnHo, + 2{^«^^^- 

Zino compound Water. Zinoio Hydride of 

of radicaL hydrate. radicaL 

The corresponding compounds containing more positive 
metals might doubtless be substituted for those of zinc. 

2. There are several special processes which may be used for 
preparing these hydrides. Thus all the hydrides above that of 
methyl may be obtained, together with the corresponding dyad 
radical, by acting upon the iodide of the monad radical by 
zinc : — 

2|C,H^x + Zn = Znl, + C.H^ + { 

Iodide of the monad Zinoio Dyad Hydride of 

radioaL iodide. ramoaL moiukd radicaL 

Methylic hydride, or marsh-gas, is produced during putre- 
faction, and by the distillation of potassic acetate with excess 
of potassic hydrate. 

The destructive distillation of coal and of allied substances 
also furnishes a large number of the members of this series. 

Character, — They are all distinguished by their great chemical 



H 



o 
o 
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indifference, and by their forming substitution compounds con- 
taining chlorine, bromine, &c. 

The following list contains the hydrides of the monad radicals 
hitherto studied : — 

Boiling-points. 
Methylic hydride, or Marsh-gas MeH or C H^ 

EthyUc hydride EtH or C^ Hg 

Propylic or tritylic hydride PrH or Cj Hg 

Butylic or tetrylic hydride BuH or C4 H^q slightly above 

Amylic or pentylic hydride AyH or C^ H^ 30' 

Hezylic or caproylic hydride CpH or Cg Hj^ 68' 

HeptyUc hydride C^ Hi^ 92- 94« 

Octylio hydride Cg K^^ 116-118** 

NonyUc hydride C^ H^o 136-138* 

DecatyUc hydride CioH^a 160-162^ 

Endecatylic hydride Gu^s. 180-184** 

Dodecatylic hydride O^^^e 196-200° 

TridecatyUc hydride CigH^ 216-218** 

Tetradecatylic hydride Ci^Hjo 236-240° 

Pentadecatylic hydride C15H3, 255-260° 

METHYLIC HYDRIDE, Marsh-gas, lAght Carluretted 

Hydrogen, Fire-damp. 

CH^ or MeH. 

Molecular weight =16. Molecular volume I I I . 1 litre weighs 
8 criths. 

Occurrence. — 1. As a product of the decomposition of orga- 
nic substances out of contact with air. 

2. Evolved in coal-mines. 

3. The gas of the mud- volcano at Bulganak in the Crimea is 
nearly pure marsh-gas. 

Preparation, — 1. By the action" of water on zincic methide. 
(See general reaction, p. 38.) 

2. By distilling two parts of potassic acetate, two of potassic 
hydrate, and three of lime : — 

{coko + KHo = COKo, + CH.. 

PotanBio potaasio Potaasio Metb^Iie 

acetate. hydrate. carbonate. hydnd^. 
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3. By the reduction of carbonic chloride or of chloroform 
with sodium amalgam and water : — 



cci, + 


H, 


= 4FC1 + 


CH,: 


Carbonic 
chloride. 




Hydrochloric 
acid. 


Meth^lio 
hydnde. 


CFCI3 + 


H, 


= 3HC1 + 


CH,. 


Chloroform. 




Hydrochloric 
acid. 


Methjlio 
hydnde. 



4. By passing carbonic disulphide and hydrosulphuric acid, 
or carbonic disulphide and steam, over ignited copper : — 

CS", + 2SH, + 4Cu = 4CuS" + CH,. 

Carbonic Sulphuretted Cuprio Methjlio 

disulphide. hydrogen. sulphide. hydnde. 

5. By the destructive distillation of organic substances, such 
as wood and coal. 

Reactions. — 1. "When equal volumes of methylic hydride and 
chlorine are exposed to diffused davlight, methylic chloride is 
formed :— 

CH, + CI, = HCl + CH3CI. 

Methylic Hydrochloric Methylic 

hydnde. acid. chlonde. 

2. "When methylic hydride is passed through a red-hot tube, 
hydrogen, ethylene, acetylene, and ethylic hydride are pro- 
duced. 



ETHYLIC HYDRIDE. 

C,He or CMeHg. 

Molecular weight =30. Molecular volume \~\~\ . 1 litre weighs 
15 criths. 

Preparation. — 1. By the action of water on zincic ethide 
(see p. 38). 

2. By the action of ethylic iodide on sodic ethide, ethylene 
being simultaneously produced : — 

CMeH,]Sra + CMeHJ = ISTal + C,H, + CMeH,. 

Sodic ethide. Ethylic Sodic Ethylene. Ethylic 

iodide. iodide. hydnde. 
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jReactions, — 1. When equal volumes of ethyUc hydride and 
chlorine are exposed to diftused daylight, the following action 
takes place : — 

CMeH, -f CI, = CMeH,Cl + HCl. 

Ethjrlio /3 Eth^lio Hydrochloric 

hydride. chloride. acid. 

A small portion of the body CMeH^Cl is ordinary ethyUc 
chloride, which is a liquid, boiling at 12°'5 ; but the rest is a gas 
which does not condense at —18° 

2. When a mixture of two volumes of chlorine and one of 
ethylic hydride is exposed to the action of diffused daylight, an 
oily liquid having the composition of ethylenic dichloride is 
formed : — 

CMeH3 -f 2C1, = C,H,C], + 2HC1. 

Ethj^lio Hydrochloric 

hydride. acid. 

AMYLIC HYDRIDE. 

CsH^a or CBuHg. 

Molecular weight =72. Molecular volume nfl - 1 l^^^^ of 
amylic hydride vapour weighs 36 criths. Boils at 30°. 

Occurrence, — In petroleum and coal-oil. 
Preparation, — By digesting zinc and amylic iodide with 
water or alcohol at 100° : — 

2CBuHJ + 2Zn + 20H, = 2CBUH3 

Amylic Water. Amjrlic 

iodide. hydnde. 

+ ZnHo^ + Znlj,. 

Zincic Zincic 

hydrate. iodide. 



PARAFFIN. 

^nll2n+2» 

This body is produced, together with numerous other com- 
pounds of a like nature, by the destructive distillation of bog- 
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head coal and similar substances. It is also found in petroleum 
and asphalt. Chlorine has no action upon paraffin in the 
cold; but if it be passed into melted paraffin, the latter 
is slowly attacked, hydrochloric acid being evolved. In 
this reaction paraffin resembles the hydrides of the monad 
radicals, and differs from the dyad radicals, to which class it 
was formerly considered to belong. In the formula C„H2,^.2for 
paraffin, the value of n has not yet been satisfactorily deter- 
mined ; in fact it is probable that several distinct hydrides of 
the class now under consideration are confounded under this 
name. 



2. RTBBIDES OF THE RADICALS OF THE 

FRENTL SERIES. 
The following six members of this series are known, viz. : — 

Boiling- 
Formulae. pointn. Sp. gr. 

o 

Pentol C,H, 60*0 

Benzol Ce H^ 80*5 0-85 

Toluol C7H3 110-0 0-87 

Xylol CgHjo 128-5 

Cumol C,H,, 148-5 0-87 

Cymol CioHj, 171-4 086 

Preparation. — 1. These hydrides are produced by the distilla- 
tion of the alkaline salts of the acids containing the same posi- 
tive radicals, with excess of potassic hydrate : — 

Potassio salt. Potassio Potassio Hydride of 

hydrate. carbonate. radicaL 

2. By the destructive distillation of various organic sub- 
stances, such as coal. 

Methyl-phenyl, CgH^Me, is ordinary coal-tar toluol. 

Ethyl-phenyl, CgH^Et, is not xylol from coal-tar ; it boils 
at 136°, six or seven degrees above the boiling-point of coal-tar 



HYDRIDES OF KADICALS OF THE PHENYL SERIES. 43 

xylol. Ethyl-phenyl produces a nitro-compound whicli can be 
distilled; it boils at 233°. Ethyl-phenyl, when oxidized by 
chromic acid, gives benzoic acid and carbonic anhydride, while 
xylol gives terephthalic acid. 

Xylol from coal-tar is dimethyl-benzol or methyl-benzyl, 
CgH^Mej. It may be produced by the action of bromotoluol 
upon methylic iodide in presence of sodium. 

Diethyl-benzol, by oxidation with chromic acid, gives water, 
carbonic anhydride, and terephthalic acid : — 

CeH,Et, -f 120 = CeH,(COHo), + 2C0, + 40H,. 

Dietiiyl benzol. Terephthalic acid. 

Oxidized with dilute nitric acid, it gives ethylbenzoic acid ; — 
CeH,Et, -f 60 = CeH,Et(COHo) + CO, + 20H,. 

DieUiyl-benzol. Ethyl-benzoic acid. 

Cymol from cumin oil and from camphor are isomeric. 

Methyl-xylol or trimethyl-benzol, CgH3Me3, is the cumol of 
tar. It boils at 165°-166°, and gives a compound with bromine 
fusing at 72°-73°. 

Ethyl-xylol, dimethyl ethyl-benzol, CeHjMe^Et, boils at 183°- 
184°, and by oxidation gives acetic acid and an acid resembling 
terephthalic. 

JProperties, — These hydrides are distinguished from those of 
the radicals of the CnHa^-i series by being less indifferent to 
chemical agents. By treatment with strong nitric acid they 
yield nitro- compounds : — 

Thus Pentol, C, H^, gives nitropentol, C, Hg (N^'O^ ? 
Benzol, Cg Hg, „ nitrobenzol, C. H^ (N^OJ. 
Toluol, C7H3, „ nitrotoluol, C^H, (Voj. 
Xylol, C,B,,, „ nitroxylol, C, H^ (N-OJ. 
Cumol, Cg Hja, „ nitrocumol, C^ H,i(N''Oa). 
Cymol, CjoHj^, „ nitrocymol, CioHijCN^OJ. 



99 
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Under the influence of reducing agents, these nitro-compounds 
yield aniline and its homologues. 

Pure nitrotoluol is solid at ordinary temperatures. It boils 
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at 237°. By reduction it gives toluidiue ; and by the action of 
potassic chromate and sulphuric acid, paranitrobenzoic acid or 
nitrodracylic acid is formed. 

So-called liquid nitrotoluol is a mixture of nitrobenzol and 
nitrotoluol. 



BENZOL, Benzene, Benzine, Bhenylic Hydride, 
Bicarhuret of Hydrogen. 



C^He or PhH. 



H H 



/ \ 
H— C C— H 



\ 



H H 

Molecular weigJit =78. Molecular volume m - 1 ^*^^^ of 
benzol-vapour weighs 39 criths. Fuses at 5°*5. Boils at 
SQP'5. 

Occurrence, — ^In Rangoon petroleum and in coal-tar. 
Preparation. — 1. By heating benzoic acid with excess of lime 
or baryta : — 

(cb'^Ho + °»0 = {JH' + cocao". 

Benzoic acid. Lime. BenzoL Csilcic carbonate. 

2. By heating the vapour of benzoic acid to redness, when 
it splits into benzol and carbonic anhydride : — 

{§OHo = C0» + C'A. 

Benzoic add. Carbonic Benzol. 

anhydride. 



SUBSTITUTION PRODUCTS FROM BENZOL. 



45 



3. By heating phthalic acid with lime :- 



D,HA 


+ 


2CaO 


= 


CfiHe 


+ 


2COCao". 


Phthalio 
acid. 




Lime. 




Benzol. 




Calcio 
carbonate. 



4. By passing fats through red-hot tubes. 
6. By the destructive distillation of coal. 
6. In small quantity, when the vapour of acetic acid or of 
alcohol is passed through a red-hot tube. 



SUBSTITUTION DERIVATIVES OF BENZOL, 

I. Bromo-Cmnpounds, 

MONOBBOMBENZOL. 

C,H,Br. 
Boils at 150^. 

Breparation, — ^By acting with two atoms of bromine on boil- 
ing benzol : — 



C«^6 


+ Br, = C,H,Br 


+ HBr. 


BenzoL 


Monobrombenzol 

or phenylio 

bromide. 


Hydrobromic 
acid. 




DTBKOMBENZOL. 


• 




C«H,Br,. 




Fuses at 89°. 


Boils at 219°. 




Preparation,- 


-By treating monobrombenzol with excess of 


bromine. 







TBIBBOMBENZOL HTDBOBBOMATE. 

C,H,Br,. 

Breparation. — By exposing a mixture of benzol and bromine 
to the action of sunlight. 
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TBIBBOMBENZOL. 

Preparation. — ^By boiling the previous compound with alco- 
holic potash. 

The following graphic formulaB show the probable atomic 
relations subsisting between benzol, tribrombenzol hydrobro- 
mate, and tribrombenzol : — 

H H 



/ • \ 
H— C C— H 

w // 

c— c 



H H 

BenzoL 

H H 

Br— G— C— Br 
H\/ >/H 

H— C— C— H 



Br Br 

Tribrombenzol hydrobromate. 

H Bp 



C=C 

/ \ 
Br— C C— H 

\ // 

c— c 

H Br 

TribrombenzoL 



NITBOBENZOL 



II. Chloro-compotmds. 

Benzol forms three ehloro- substitution compounds, similar 
to the bromo-compounds just described. 



State of Fusing- Boiling- 

aggregation, point. point. Sp.gr. 



Monochlorbenzol ... CgHgCl, Liquid... 136°. 

DichlorbejQzol C«H,C1„ Solid ... 89°. 

Trichlorbenzol C^HgCC Oily ... 210°. 1-457. 



III. ITitro-compotmds, 

Two only have hitherto been produced : — 

Nitrobenzol CeH,(N^O,) ot N(C,'R,)0,. 

Dinitrobenzol C,H,(N'0,), or N,(C,H J"0,. 



NITBOBENZOL. 

N(C,H,)0, or NPhO,. 

Molecular weight =123. Molecular volume III . 1 litre of 
nitrohenzol vapou/r weighs 61*5 criths. Fuses at 3°. 
JBoils at 220°. 

Preparation. — By the action of nitric acid on benzol : — 
C,H. + NO,Ho = N(C.H.)0, + OH,. 

Ben2oL Nitric acid. NitrobenzoL Water. 

Reactions, — 1. By the action of reducing or hydrogenating 
agents, as zinc and hydrochloric acid, sulphuretted hydrogen, 
acetic acid and iron, or potassic arsenite, nitrobenzol is con- 
verted into aniline :— 

N(C,H,)0, 4- 3SH, = N(C,H,)H, + 20H, + S3 
or CeH,(N^O J + 3SH, = C,H,(N"'H,) + 20H, + S3. 

Kitrobenzol. Sulphoretted Aniline. Water. 

hydrogen. 

2. Nitrobenzol is also converted into aniline when its 
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vapour, mixed with hydrogen, is passed over spongy palla- 
dium : — 

N(C.H.)0, + 3H, = N(C,H,)H. + 20H, 

Nitrobenzol. Aniline. Water. 

The relation between nitrobenzol and aniline will be seen in 
the following graphic formulsB : — 

H H 



H- 



c— c 





/ \ 

c c- 


1 


c-c 


1 
6 


H H 




Xitrobenzol. 





H H 





/ 


\ 




H- 


-C 


C— N 




:\ 


// 






c 


C 


H 




1 








H 


H 






Aniline. 





3. By the ac^tion of sodium amalgam and water, nitrobenzol 
is converted into azob enzol, and finally into hydrazobenzid : — 

2N'CC.H,)0, + H, = " { SEcS) + *®^- 

Nitrobenzol. AzobenzoL Water. 



a 



N(CJI,) . H - |N(C,H.)H 
N(C,II,) + "» - 1N(C,H.)H 

Azobenzo Hydrazobenzid. 
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DINITEOBENZOL. 

N,(C,HJ'0,. 



Ftues helow 100°. 



Preparaiion.—By treating nitrobenzol with a mixture of 
concentrated nitric and sulphuric acids. 

Reaction, — "By the action of sulphuretted hydrogen, dinitro- 
benzol is converted into nitraniline : — 

N,(C.H0"O, + 3SH, =j(CeH,)" + 20H, + S,. 

[NH, 

DlnifcrobensoL Sulphuretted Nitraniline. Water. 

hydrogen. 



Class IL 

HTJDBIDUS OF NEGATIVE BADICALS. 

Only two of these are known : — 

Cyanic hydride or Hydrocyanic acid. 
Oxatylic hydride or Formic acid. 

The first has already been considered (p. 27) ; and the second 
will be more conveniently studied in connexion with the fetty 
acids (p. 121). 



CHAPTEE VI. 

THE ALCOHOLS. 

Tins alcohols form one of the most important of the families of 
organic compounds. The simplest member of this family is 
methylic alcohol, which is derived from marsh-gas by the 
substitution of one semimolecule of hydroxyl for one of 
hydrogen. 

TOL. n. E 
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CH,. CH3H0. 

H H 

H— 0— H H— C— 0— H 

H H 

Marah-gas. Methylio aloohol. 

~ The alcobols have been termed the hydrated oxides of the 
positive radicals ; but this is eroneous, as they do not contain 
water. They may more correctly be defined as the compounds 
of hydroxyl with the positive organic radicals, whence it follows 
that each series of positive radicals forms a corresponding 
series of alcohols. The alcohols act upon and saturate acids, 
forming a family of compounds termed ethereal salts. The 
acidity or acid-saturating power of the alcohols depends upon 
the number of semimolecules of hydroxyl which they contain : 
the monad radicals give monohydric alcohols, or alcohols con- 
taining only one semimolecule of hydroxyl, the dyad radicals 
dihydric alcohols, &c. We have thus the annexed three prin- 
cipal subdivisions of the alcohol family. 

Monohjdrio. Bihjdrio. Trihydrio. 



Glycol or QJS^o^ 

serieB. 
Orcin or CttHan-sHo^ 

series. 



GlyoerinorCnHa^iHo, 

serieiu 
Fyrogallic or OaHim.9 

Mo, series. 



Methyl or OnHaj^fiHo 

series. 
Vinyl or CnHsn-iHo 

series. 
Phenyl or CaHsm-tHo 

series. 

The following symbolic and graphic formulaB will exemplify 
the disposal of the bonds in these three subdivisions : — 

Monolhydric Alcohols* 

H H H 
H— C— C-C— 0— H 
H H H 
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Allylic alcohol \ J^xtxt fO(CIL)"H 



H 



H— C=C— C— 0— H . 

I I I 
H H H 

Benzoic alcohol. \ _ n rr u^ ^^ S ^e^i 
(Phenyl tone*.) \ " ^t"''**^° °' \Ctt,Ho- 

H H 
C=C H 
H— C C_c— 0— H 

W // I 

C— C H 

I I 
H H 

Dihydrio Alcohols, 

^ofcSSSl - O.H.H0. or { gg'g;)™° 
glycol J ^ » 

H H H 
H— i—C-C— H 

Ui 

Trihydric Alcohols, 

fOH,Ho 

Glycerin « CgH^HOj or j CHHo . 

{ CHjHo 

H H H 

I I I « 
H_C— C-C— H 

iU 

L I I 

H H H 
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MONOSTDBIG ALCOHOLS: 
Methyl or CnHan+iHo series. . 
These alcohols may be divided into three classes, viz. : — 

1. Monohydric normal alcohols \ 011310*^ 

secondary „ [%%'^^]!^-B.o 

3. „ tertiary „ (g{&^§-;)%^ 

la the general formula of the normal alcohols n may =0, 
and even the vrhole radical C(C„H2„+i)H2 may be replaced by 
liydrogen, as is the case in methylic alcohol. In the formulae 
of the secondary and tertiary alcohols n may also =0, but m 
must always be a positive integer. 

NORMAL MONORTBBIO ALOOHOLS. 

General formula | c^^^h^-^'^^*. 
The following is a list of the members of this class : — 

Fasing- Boiling- 
pointa. p<ttntB. 

Methylic alcohol l^^ ^^ 66'-6. 

EthyUc alcohol {ch'Ho ^®'*"*- 

leobutylicakohol {g^J^^ „, \c^^fi _ 1090. 

Amylic or pentylio al- fOPrH, „. /C(C3H.)H» ,0-0 

c3hol lCtt,Bx) °' \CbSo ^ • 

IsamyUo alcohol {chIS'' °^ (cH Ho"^^^' -^°' ^^°- 

P«,udamylio alcohol ... { g|^for { gg§^>(^^=>= - 128». 

{C H* 
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Fusing- Boiling, 

points. points. 

(Enanthylio or heptylio alcohol {cH^K ^'^^''" 

Caprylio or octylio alcohol i cfftt ^""^ l^°* 

Nonylio alcohol '. (c^&o ^^''* 

Decatylio alcohol {oh"&o ^^^°- 



r 



CH, 



Celylic alcohol (oHHo ^°' 

Cerotao alcohol {oS^o '^^• 

MeliflBio alcohol {c^m ^^°- 



The lower members of the class are liquid, and the higher 
Bolid. They are produced in a variety of operations, such as 
destructiye distillation, fermentation, and animal secretion, but 
by reactions which cannot usually be traced. 

jBeUdioM qfthe normal CnH2»+iHo alcoJiols to the monad C^H^^x 

radicals, 

1. The radicals CnHj^i which are combined with hydroxyl in 
the normal alcohols may be separated, by first converting the 
alcohol into an iodide (see p. 96), and subsequently acting on 
the iodide by zinc (see p. 11). 

2. The radical next lower in the series, than that contained in 
the alcohol, may be obtained by converting the alcohol into the 
corresponding fatty acid, and then submitting a salt of this acid 
to electrolysis (see p. 119). 

3. Inversely, the normal alcohols may be obtained by acting 
upon the normal radicals with chlorine under the influence 
of light, when one atom of hydrogen in the radical is dis- 
placed by chlorine. 

Thus in the case of methyl we have 



{ 



^ + Cl. - {g^ci + =°^ 

Ifetbjl. Chlorinated Hydrochlorio 

methyl. acid. 
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bjr the actidn of potassic hydrate upon this chlorinated methyl, 
ethylic alcohol is formed, thus : — 



{ci:ci + ^° = 


fCH, 
OH,Ho 


+ KCL 


Chlorinated Fotaaaia 
metihjl. hydrate. 


Ethrlio 
aloohoL 


Fotaasio 



This reaction requires further investigation (see p. 65), 

« 

Belations of the normal C„Bs»h.iHo alcohoU to the dyad CftHg^ 

radicals, 

1. The CnH2„ radicals are obtained from the normal CnHjj^iIIo 
alcohols by the abstraction of the elements of water : — 

{c?:Ho - oh, - "[^ 



CH,' 

rlio Water. B 

alcol 



Ethrlio Water. Etiiylehe. 

mol. 



2. Inversely, the normal alcohols are obtoiiied from these 
radicals by first uniting the latter with hydrochloric, hydro- 
bromic, or hydriodic acid, and then treating the {product with 
potassic hydrate : — 

"(cS + Hci = (g^ci- 

Sfchjlene. Hydroohlorio Ethjrlio 

acid. chloride. 

{cl'ci + KHo - {g^H^ + KCL 

Ethylio Fotaasio Ethvlio Potassic 

chloride. hydrate, aloonoh dilpri^ 

Oir by uniting the dyad radicals with sulphuric acid, and 
distilling the product with water :-^ 

SO,Ho, + C^, = SOiHo(C,H,0) : 

Sulphuric Ethylene. Solphovinic acid, 

acid. 

SO,EtoHo + OH, = SO,Ho, + EtHo. 

Sulphovinic Water. Sulphuric Ethylic 

acid. acid. alcohol. 
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^lotions of the normal GnHsn+iHo alcohoh to the hydrides 

of the CjSL^n^i radieaU. 

1. When the alcohols are conyerted into iodides (see p. 96) 
and the latter digested with zinc and water at 100^, the corre- 
sponding hydrides are produced (see p. 88) « 

2. When the hydrides of the C„H2»,4i radicals are acted 
upon by chlorine under the influence of light, they produce 
the chlorides of the radicals, from which the alcohols may be 
obtained by the action of potassio hydrate : — 



EtH + 


CJ. 


= EtCl 


+ HCl; 


Ethylio 
hjdnde^ 




Ethylio 
chloride. 


Hydroohlo 
rio acid. 


EtCl + 


KHo 


=» EtHo 


+ "FTCl. 


Ethylio 
chloride. 


Potassio 
hydrate. 


Ethvlio 
alconol. 


Potassio 
chloride. 



The greater quantity of the chlorine compound so formed is 
isomeric with the chloride of the radical, and possibly gives a 
corresponding isomeric alcohol. 



Melatione of the CnHs^iHo alcohols to the radical cyanogen. 
Ascent of the alcohol series, Mendius^s reaction. 

By the dry distillation of potassic sulphoyiuate and its homo- 
logues with potassic cyanide, the nitriles or abnormal cyanides 
of the radicals are produced : — 

SO^EtoKo + KCy = SO^Ko^ + EtCy. 

Potassio Potassio Potassic Ethylic 

Bulphorinate. cyanide. sulphate. nitrile. 

By treatment with nascent hydrogen, this ethylic nitrile 
is converted into propylamiae : — 

NC(CMeH,) 4- H, = N[C(CMeH,)H,]H, or NPrH,. 

Ethylic nitrile. Propylamine. 
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By the action of nitrous anhydride, propylamine is trans- 
formed into isopropylic alcohol : — 

2NPrH, + N.Oa = 2/3PrHo + OH, + 2N3. 

Propylamine. Kiteons Isopropylio Water. 

anhydride. afoohol. 

It is obvious that by repeating these reactions on isopropylic 
alcohol, butylic alcohol would be obtained, the homologous 
series of alcohols being ascended one step at each repetition of 
the process. But the alcohols are, if possible, secondary or 
tertiary. 

MBTHTLIC ALCOHOL, Wood Spirit, Pyroxylio Spirit 

CH3H0 or MeHo. 
Molecular weigM *=32. Molecular volwme QZ|. 1 ?*^^« of 
methylie alcohol vapour weighs 16 criths, Sjp. gr, 0*798. 
£oih at 66°-5. 

Preparation, — 1. Prom marsh^gas, by the action of chlorine 
and subsequent treatment with potassic hydrate: — 

CH, + CI, = CH3CI + HCl; 

Ifarsh- Kethylio Hy;drochlo- 

gas. chloride. rio acid. 

CH,C1 + KHo = CH3H0 + KCl. 

Hethylio Fotassio Sfethylio Potaasia 

chloride. hydrate. alcohol. chloride. 

2. From the essential oil of GauWieria procumhens, by the 
action of potassic hydrate : — 

07H,OMeoHo + KHo = C,H,OHoKo + MeHo. 

Oil cf GauUkeria pro- Potassic Potassic salicylate. Methylie 

eumbens. (Metho- hydrate. alcohoL 

salicylio add.) 

3. By the destructive distillation of wood. 

Reactions, — 1. Methylie alcohol imites with some salts in the 
capacity of water of crystallization, as, for instance, — 

OaCl„2MeHo. 

2. By the action of potassium and sodium, methylates are 
formed with elimination of hydrogen : — 



CH.Tfo, 


CHjNao. 


Potafluc 


Sodic 


methylate, 


methylate. 
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3. By oxidatiou it is transfonned into formic acid :— 

{cH^o +/'«"' {cOHo + ®^>- 

Methylio Formic add. Water, 

alcohol. 

4. When distilled with calcic chloro-hypochlorite (cJiloride of 
lime) and water, chloroform is produced. 

roaci 
o 

Ca" 
20H,Ho + 4Oa(0Cl)Cl = 20HC1, + < O + 30H,. 

Ca" 
O 
^CaCl 

Kethylio Caloio chloro- Chloroform. Calcic 0x7- Water, 

alcohol. hypochlorite. chloride. 



ETHTLIC ALCOHOL, Akohol, Sjpirit of Wine. 



( 



o&» »=»«»• 



Molecular weight =46. Molecular volume I I I , 1 litre of 
ethylic alcohol vapour weighs 23 criths, Sp, gr, 0*792 at 
20P. Boils at 78°-4. 

Preparation, — 1. Prom ethylene (p. 64). 
2. By the fermentation of grape-sugar with yeast at a tempe- 
rature of about 22° : — 



CeH,,Oe = 2C,H,Ho + 200,. 

Orape-iugor. Ethrlio Carbonic 

aleonoi. anhydride. 

At the same time, however, other products are formed, but 
in very small quantities. 

Beactions, — 1. Treated with potassium or sodium, alcohol 
forms ethylates : — 



{ 



CH, f CH, 

CH,Ko' t CH^Nao* 

Fotassio Sodio ethylate. 
ethylate 
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2. When. passed through a red-hot tube, alcohol is decom- 
posed into marsh-gas, hydrogen, and carbonic oxide : — 

0,H,Ho = OH, + H, -t- 00. 

Kthjlio Marsh- Carbonio 

aloonol. gas. oxide. 

Small quantities of ethylene, benzol, and naphthalin are 
simultaneously produced, whilst carbon is deposited. 

3. By oxidation, ethylic alcohol is converted first into alde- 
hyde, and then into acetic acid : — 

/CK , ^ _ fOH 



1 CH,Ho 

Eth; 
aloa 



+ 



o = {cm + OHa- 

Ethvlio Aldehyde. Water. 

»hol. 



( 



OOH + ^ - \COHo- 

Aldehyde. Acetio add. 



4. Distilled with chloride of lime, ethylic alcohol produces 
chloroform. 

Alcoholates are salts containing alcohol in the place of water 
of orystallization ; they mre mostly decomposed immediately by 
water. 

!rhe following are known : — 



01,, 20,H,Ho* 
OaCl,i 40,H,Ho. 
N,0,Mgo",6C,H,Ho. 



5. Treated with chlorine as long as hydrochloric acid is 
evolved, it is transformed into ethylic chloride and chloral 
hydrato (the aldehyde of trichloracetic acid) : — 

EUiylio aloohoL Chloral hydrate. Ethylic 

chloride. 
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XSBOiMAN) Sulphur Alcohol, Mhylic sutphhjdraie^ 

HydrosuJphaie qfJSthyl. 

Molecular vmghi >»62. Mohoulat* volume QD* ^ ^^^^^ ^/ 
mercapian vapour vnsighe 31 erith9. Sp, gr. of liquid 
0-835. BoiUat^^''. 

Preparation. — By distilling potassic sulphovinate with po- 
tassic Bulplihydrate :-^ 

SO^EtoKo + EHs = EtHs + SO^Ko^. 

Fotairie Pctaaaie M^roaptem Fotassio 

solphorinftte. Bolphhjdrate. sulphate. 

MeacHons, — 1. By the action of poiassium and sodium on 
mercaptan, an atom of hydrogen is displaced by the metal, pro- 
ducing mercaptides : — 

fCH. fCH, 

t CH^Ka- t OH^Nas' 

Fotassio Sodio 

mercaptide. mercaptide. 

2. Mercaptan acts upon mercuric oidde with great energy, a 
white crystalHne mercuric mercaptide being formed : — 

fCH, 



2{ci:Hs + H«0 = Igg^Hgs" 4- OH, 

tCH 



3 

Mercaptan. Kereurio Merooric Water. 

oxide: mercaptide. 

JPropylio alcohol, \ qtt -alt is obtained from the fusel oil 
of the marc brandy of the south of France. 

Butylic alcohol^ \ GH% ' ^ contained in the fusel oil pro- 
duced in the preparation of spirit from the molasses of beet- 

{CEtH 
OHLHo ^® <>^t^6d 

from butylic acid by Piria and "Wurtz's reactions, described at 
p. 120. 
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Amylio alcohol, ] S^^^, is the chief constituent of the 

fusel oil obtained in the manufacture of alcohol from potatoes 
or grain. Two other normal, isomeric amylic alcohols are 
given in the Table at p. 52. 

As fiEur as these alcohols have been studied, they resemble, in 
their chemical relations, the two previously described. 



8EC0NDABT MONOHTBBIO ALGOSOLS. 

General formula... { Sfp'*^^^^^ . 

The secondary alcohols differ from the normal in yielding, 
by oxidation, ketones instead of acids. 
Seven secondary alcohols are at present known : — 

Boiling- 

Isopropylic alcohol or dime- f CH, ^2 

thylcarbinol j CMeHHo ^*- 

Methylethyl earbinol {c^HHo ®^' 

Methylpropyl earbinol | q^^^ 122. 

Methylisopropyl earbinol •••{cMeMo ^^^' 

Pseudohexylic alcohol or me- f CPrH, -. oq 
thylbutyl earbinol 1 CMeHHo , 

CCCH ^ TTTT n ^^^' 

CCCH \BKo ^^^* 

The first is obtained by the action of nascent hydrogen on 
Acetone : — 

tOOMe + ^2 - \ CMeHHo- 

Acet9ao, Isopropjlio'aloohoL 



ISOPROFYLIC ALCOHOL. 
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of h 



Tlie relation existing between ethylic olcoliol, propylic 
alcohol, and isopropylie alcohol, will at once be evident from 
the following formulED : — 

/ CH, r C(CH,)H, r CH3 

1 CH,Ho- t CH^no ■ t C(CH,)HHo' 

Ethjrlic fllMloL Propjlic bIooHdJ. Isopropylio alcohol. 

From these formulte it ia seen that propylic alcohol ia ethylic 
alcohol in which one atom of hydrogen ia tie methyl {or non- 
oTi/genated part of the compound) is displaced by methyl; 
whereas isopropylic alcohol ia ethylic alcohol ia which one atom 
of hydrogen in the oxygenated part of the compound is dis- 
;ed by methyl. 

Etbylic alcohol boils at ... 78°'i 
Propylic alcohol „ ... 97 
laopropylic alcohol „ ... SI 
Thna, by substituting an atom of methyl for one of hydro- 
gen iu the non-oxygenated part of the alcohol, the addition of 
CHj rftiaea the boiling-point 18'''6 ; whilst, if an atom of hy- 
drogen in the oxygenated part be similarly displaced, the sajne 
addition only raises the boiling-point 5''G, 

Isopropylic alcohol yields by oxidation a ketone, and not an 
acid. The radical oxatyl being a necessary conatituent in 
organic acids, it will be seen fiom the following equations that, 
although propylic alcohol cajj be converted into an acid without 
the disruption of its carbon atoms, isopropylic alcohol cannot 
be so transformed ;— 



J OH. , 

tOH,Ho ^ 

EUlflio sIsoUdL 



rcH, 

1 OOHo 



+ OH,. 



i 
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TBB ALOOQOU. 



f C(CH,)H, 

Fropylio alcohol. 



I O — fO(CH8)Ha , QTT 

Fropionio acid. 



H 



H— C— 



H : H 

I 





H 



H i H i 

H H— C— Lc— 1— C 



tC(CH,)HHo + 



O 



H 



Isopropylio 
alcohol. 

H 



H— C — 



— c— 



H 



! H 



H 



-{ 



^ /OH. 

CO(CH,) 

Acetone. 



H 



— C— H H 



-L 



I 

H 



H 
C— C— H 

u 



Water. 



OH,. 

Water. 



TEBTIAB T M02rOETDBIO AZOPHOZS. 
General formula.... .. {g(g5t:J)%. 

The following members of this series are known :— 

pointft 

Pseudobutylic alcohol or 1 ^^^^^ ggo.g. 

tnmethyl carDinol J 

Dimethylethyl carbinol . . . CEtMe,Ho 100°. 

Dimetliylpropyl carbinol CPrMe,Ho 120°. 

Dimethylisopropyl carbinol CjSPrMe^Ho 112°. 

Methyldietbyl carbinol . . , CEt.MeHo 115°. 

Triethyl carbinol CEtgHo 141°. 

Diethylpropyl carbinol .. . CPrEfc^Ho 

CMe Ho' ®^^®*® ^^ small quantities 
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in butylic alcohol obtained by fennentation ; it has also been 
produced by acting with zincic methide on acetylic chloride, 
and submitting the product thus obtained to the action of 
water : — 



{ooh + 2ZnMe, 



Aoe^lio 
chloride. 



{cMe,(Zn'TyieO) + '^^'^' 



Zincio 
methide. 



Zincic ohlor- 
methide. 



{CTT 
CM:e,(Zn"MeO) ' " "» 

Water. 



+ 20K = IS&. 



H 



H— C 



\ CMe.Ho 

Fseadobutylic 
alcohol. 



+ CH, + ZnHo,. 



Methylic 
hydride. 



Zincic 
hydrate. 



J' 

H— C— H 

I 



i 



H 

I 



OH. 






Pietidobafylio alcohol. 



CHAPTER VII. 



MONORTDBIC ALCOHOLS: 
Vinyl or ChHsm-iHo series. 
Two alcohols only of this series are known ; of these the first 
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is a secondary, and the second a normal alcobol : 

VinyUc alcohol..." I §^^ or OMe"HHo. 

Allylic alcohol ...{chh?- 

H 
H-C=C— 0— H H— C=C— C— 0-H 



H H H H II 

Yinylio alcobol. AUylic alcohoL 



"( 



VINTLIC ALCOHOL. 

CHHo'^ 

Preparation. — ^By combining acetylene with sulphuric acid 
and distilling the product with water, in the same manner as iu 
the preparation of ethylic alcohol from ethylene (p. 54) : — 

SO^o, + 0,H, = SO,(C,H,0)Ho. 

Sulphuric Acetylene. Snlphovinylio add. 

add. 

S0,(C,H,O)Ho + OH, = SO,Ho, + CMe"HHo. 

Sulphotinylic add. Water. Sulphuric Vinylio 

add. aloonol. 

This alcohol is isomeric with aldehyde and with ethylenic 
oxide :— 

„ r OH, f OH, f OH,o 

t OHHo t COH t OH,"- 

Vinylio Aldehyde. Ethylenic 

alcohol. oxide. 

f "CH 

If the above, and not < ^^ tt , be the true formula for 

vinylic alcohol from acetylene, it is obvious that this body could 
not yield an acid by oxidation ; but if the latter formula repre- 
sents it, this alcohol is normal and ought to yield on oxidation 

an acid, j nOHo' ^^^^^^og^^^ '^^^ acrylic acid. 
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ALLYLIC ALCOHOL. 

fCMe"H .iiTT 
tOH,Ho Of All Ho. 

Soils at OePS. 8p. ffr. of liquid at 0° ^0-8709. 

Preparation. — Glycerin, wten submitted to the action of di- 
phosphorous tetriodide, yields allylic iodide : — 

'P",I, + 2 i CHHo = 2 \CH + 2P0HH0, + I,. 

lCH,Ho {CH,I 

Diphosphoroas Glycerin. Allylio Phosphorous 

tetriodide. iodide. acid. 

The allylic iodide is then decomposed by argentic oxalate, 
when allylic oxalate is formed : — 

^ + {S8ip = {S8iSS + '^^- 

Allelic Argentio AUtUc Argentic 

iodide. oxalate. oxalate. icKUde. 

The allylic oxalate is next decomposed by ammonia, when 
oxamide and allylic alcohol are produced : — 

rCOAUo, oT^ fCO(N"'HJ . o.^p.^ 

tCOAUo + 2^^3 = tCO(N-H,) + 2AUH0. 

^Allylic Ammonia. Oxamide. Allylic 

ocawte* alcohol. 

Beactions. — 1. In all ordinary reactions, allylic alcohol 
behaves like ethylic alcohol. By oxidation it gives acrylic acid: — 

rCMe"H . o - rCMe"H . ^^ 

Allylic Acrylic Water, 

alcohol. acid. 

2. With phosphoric anhydride it yields allylene : — 

H 

H—C— C=C— 11 =- ]C . 
I "JCH 

H 
VOL. n. F 
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Among the ethereal salts of allylic alcohol, the sulphide and 
sulphocyanate occur in nature as garlic and mustard oils : — 



rCMe"H 

Ofl, 
^CMe"H 

AllTlio 

Bolphide. 

(Oarlio oil.) 



CMe"H 
CH, 

AUylio : 
snlphocjanate. 
(MU8tar4 oil.) 



CHAPTER VIII. 

■ : JipNORtDBIO ALCOEOLS^ 

Phenyl or C,H2^7 series. 

These alcohols nlay be divided into a normal and a tertiary 
class. The members of the first class possess the general 
character of the normal alcohols of the ethyl series, while those 
of the second class exhibit $ slightly acid character. 



Class I. Normal Alcohols. 



General formula. 



" t CH,Ho* 



Benzvlic alcohol* 



t CH,Ho • 



*H— c=^c— n H 

I 



H-U. 



.c— 0-n 



II II 

n-c-c— H H 



BENZYLIC ALCOHOL. W : 



{C TVTp'T 
CH,Ho*- 

Chimylic alcohol | Qjl^g;^. 

CHH • 



Class II. Tertiary Alcohols. 
General formula O^Hin.j'Ko, 

Phenylic alcohol. Carbo- 
lic acid* CgHgHo. 

Cresylic alcohol CgMeH^Ho. 

Phlorol CgEtH.Ho. 

Dimethyl-phenylic alcohol CgMejHgHo. 

Thymylic alcohol CgEt^HgHo ? 

. Class I. NORMAL ALGOEOLS. 
BENZTIIC ALCOHOL 



{ 



CH,Ho • 



SoiU at 204?. 



■ i 



■ i .< 



% 



JPreparaiion. — 1. By treating oil of bitter almonds with alco- 
holic potash : — 



OeH. 

COKo" 



Benzoic aldehyde. IPotassio Bcnzylic alcohol. Potaesio 

(Oil of bitter hydrate. benzoate. 

almonds.) 



* H— c==c— n 

n— (J o-o-ii 

II I t ' 

H— C-C— II 

y2 
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2. Benzylic alcohol may be obtained from toluol by first 
converting the latter into toluylic chloride by the action of 
chlorine— 

{c^H + CI, = {%§J^, + HCl; 

Toluol. Toluylio chloride. Hydrochloric 

(Toluylic hydride.) acid. 

and then submitting the toluylic chloride to [the action of po- 
tassic hydrate : — 

Toluylio PotMsie Benzylic Potassio 

chlonde. hydrate. alcohol. chloride. 

3. By digesting benzylic chloride with freshly precipitated 
plumbic hydrate : — 

Toluylic or Plumbic Plumbic Benzylic alcohoL 

Benzylic chloride. hydrate. chloride. 

4. By passing a mixture of hydrogen and the vapour of ben- 
zoylic chloride over heated spongy palladium : — 

{cb% + 2H/ = {%§^^ + HCl. 

Benzoylic chloride. Benzylic alcohol. 



Class II. TEBTIABY ALCOHOLS. 

PHENYLIC. ALCOHOL, Carholic Acid, Phenylic Acid. 

C,H,Ho or PhHo. 

Molecular weight 8=94. Molecular volume I I L 1 litre of 
phenylic alcohol vapour weighs 47 criths. 8p, gr. 1*065 at 
18°. Fuses at 34°. Boils at 188^ 

Occurrence, — Ip. coal-tar, and in small quantity in the urine 
of man, of the cow, and of the horse. 
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JPreparation. — 1. By the distillation of salicylic acid with 
baryta or lime : — 

{c?H?" = C.H,Ho + CO.. 

Baliojlio Fhenylio Carbonic 

acid. alcohol. anhydride* 

2. It is also produced in the destructive distillation of nume- 
rous organic substances. 

3. Phenylic alcohol is formed when the vapour of ethylic 
alcohol or acetic acid is passed through a red-hot tube. In this 
manner phenylic compounds may be obtained from their ele- 
ments ; for both acetic acid and alcohol may be built up from 
carbon, hydrogen, and oxygen. 

4. Phenylic alcohol is generated when aniline hydrochlorate 
is treated with potassic nitrite : — 

NPhH3Cl + NOKo = PhHo + KCl + OH, + N,. 

Aniline Potassic Phenylic Potassic Water, 

hydrochlorate. nitrite. alcohoL chloride. 

Seaetions, — Treated with chlorine, bromine, or nitric acid, 
phenylic alcohol produces a series of substitution products, of 
which the foUowing are examples :— 

Dichlorphenylic acid CgHsCljHo. 

Trichlorphenylic acid CgHgClgHo. 

Pcrchlorphenylic acid Cfil^'Ro, 

Bromphenylio acid CgH^BrHo. 

NitrophenyUc acid CeH/N'^OJHo. 

Dinitrophenylic acid C^'EL^(N''0^\B.o. 

Trinitrophenylic acid. (JPicrio 
acid.) C,H,(N-0,)3Ho. 

Amidodinitrophenylic acid. 
(Ficramic acid.) CeH,(N;"H,)(N^O,),Ho. 
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CRESTLIC ALCOHOL, 

CgMeH^Ho. 
Soils at 204° 

This alQohol is contained in creosote ; it is isomeric with 
benzylic alcohol. 



CHAPTER IX. 

JDIRTDBIC ALOOMOLS. 
Glycol or CnHjnHoa series. 



5!he following is a list of the glycols at present known, with 
their probable constitutional formulBe : — 

Boiling-point?. 

"^fetr^''^;!l<^Ao.or {gi^g° 19705. 

' EropyUc glycol... C,IL,0, or { §h a?° 188°-189°. 
ButyUc glycol ... ^' AoO, or | ^j^^"" 183^184^ 

Amylic glycol . . . C,H,,0, or { q^^"" 177°, 

Methylic glycol has not been obtained. 

The existence of normal, secondary, &c. alcohols of this sub- 
division has not yet been clearly established ; but ethylic glycol 
is probably a normal glycol, whilst propylic, butylic, and amylic 
glycols are generally considered to be secondary glycols, as 
shown in the above formulae. 

It will be observed that the boiling-points of the glycols 
differ from each other in a direction inversely to that previously 
noticed in the case of the normal monohydric alcohols : the 
more complex substances boil at a lower temperature than 
the simpler ones. 



\.: 



DERIVATIVES OF GLYCOL, fl 

a 

GIiTCOL. EIHTUC GLTCOL, ^EthyUnk Alcohol. 



( 



CH,Ho 
CKHo- 



Molecular weight ""02. Molecular volume I I I , 1 litre of 
ethylio glycol vapour weighs 31 criths, ^. gr. 1*125. 
Boih at 19^-5. 

Preparation, — ^Efchjlenic dibromide is treated with argentic 
acetate, and thus converted into ethylenic diacetate v — 

fCBLBr , omiyr nA f CK-O-CMeO , oa tj 

1 CH^Br + 2CMeOAgo = | CH^O-CMeO + ^^^^^' 

BUiylenio Aigentid acetate. Eth^rlenio diacetate. Argentio 

dibromide. (Diaoetic glycol.) bromide. 

The ethylenic diacetate is now acted upon by potassic hydrate, 
and yields potassic acetate and glycol : — 

{g^ScK + 2^H, . (gg.|; + 20M.0K,. 

Ethylenic diacetate. Potassic G-lyooL Fotassio acetate. 

hydrate. 

Reactions, — 1. Glycol is easily oxidized, the first product of 
its oxidation being glycoUic acid : — 



{ 



CH,Ho . o - /CH.HO , o„ 

Glycol. Glycollic Water, 

acid. 



2. By further oxidation oxalic acid is formed : — 

GlycoL Oxalic Water. 

acid. 

3. Potassic oxalate is produced by heating glycol and po- 
tassic hydrate together to 250° : — 

GlycoL Potassic Potassic 

hydrate. oxalate. 
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4. Treated with potassium or sodium, the hydrogen of the 
bydroxyl in glycol is replaced in two successive stages : — 



f OELNao 
jCHjHo ' 

MonoBodio glycol. 



f OKNao 
tCH,Nao* 

Pisodic glyooL 



The following list contains some of the principal derivatives 
of glycol : — 



J CH,Ho 
tCH,Ho- 

GlyooL 



{ 



CKHo 
CH,C1 • 

Chlorhydrio 
glycol. 



f CH,Eto . 
t CH,Br 

Bromethylic 
glycol. 



f CH,Eto 
t OHjEto • 



Diethylio 
glycoL 



fOH^Hs 
tOH^Hs* 

Solphor glyooL 

fCH,Ho 
1 CH,Br 

Bromhydrio 
glycol. 

fCH,Eto 
t CH,Ho • 

Hydric ethylio 
glycol. 



[> 



OH,Br 
I CO t CH,-O.OMeO« 



ICH, 



G-lyoollic 
aoetobromide. 



r 



rCKHo 
CH 

CO 

LPH3 



» „ fCH,Ho 

®' t CH,.O.CMeO- 



Monacetio 
glycol. 



CH. 



< 



CO 



CH, 

CO 

Diacetic glycol. 



„ f CHj-O-CMeO 
" \ CH,.O.CMeO' 



POIYETHYLENIC GliYCOLS. 



''OH, 
CO 

o 



< 



CH, „, fCH,-0-CMeO 
CH, °^ \ OH,-O.CPrO * 
O 
CO 

.C(C,H.)IL 

AoetoDiifTrio glycol. 

F0LTETH7LENIC aiTCOLS, 

jBotyetTiylenic AlooJioh, 

These bodies are produced by heating ethylenic oxide with 
glycol in sealed tubes, and by other processes. They may be 
regarded as formed by the addition of ethylenic oxide to 
glycol. 

Dietbylenic glycol ... •< OH, or 

i. CH,Ho 

fCI£,Ho 
CBL 




Triethylenic glycol . . . -^ 



V 



OH, 

O 

OH, or 

CH, 



CH,Ho 



rOH,Ho 

C.H. 
I CH,Ho 



Tetrethylenic glycol •< 



^OH,Ho 

OH, 

CH, 

O 

CH, 

CH, 

O 

OH, 

CH, 

O 
^CH,Ho 

Pentethyleuic and hexethylenio glycols have also been 
formed. 



''CH,Ho 
0,H, 


« < S^* 

C,H, 
O 
vCH,Ho 
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CHAPTER X. 

DIHTDEIO AJCOOROLS. ; 

• i 

Orcin op C„H2„.8Ho2 series, ' 

Like the phenyl series, the orcin series of alcohols are the 
derivatives of benzol. The following alcohola belonging to this 
series have been described :— 

Melting- 
point, 

' Hydroquinone ^ rl77°'5 

Besorcin J-CgH^HOg - 

^ * Pyrocatechin or Oxyphenol 



99°0 

L iir-6 



Orcin 1 r* nr tr tt f B6®0 
Homopyrocatechin | ^•^^^sHo, | 

Betaorcin Q^e^ELJlo^ 



Theory indicates the existence of four isomeric bodies of the 
formula CgH^HOg, the graphic formulae of which are thus 
written: — 

(1) (2) 

H— 0— C=C— 0— H H— C=C— H 

II i ! i 

H— C C— H ' H— C C— H 

ir II II II 

H— C— C— H H— 0— C— C— 0— II 

(3) ^ (4) 

H— C=C— H H.-0-C=C— H 

H— 0— C C— 0— H H— C C— 0— H 

IJ II II 11 

H— C— C— H H— C— C— H 

The isomeriBin of 1, 3, and 4i, and of 2, 3, and 4 is caused 

(symbolically speaking) by the different distances from each 

other of the two atoms of carbon with whiph the two semi- 

;molecule8 of hydroxyl are combined; in X. and 2 these carbon 

atoms are neighbours, in 4 they are separated by one inter- 
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vening atom ;of It^arbon, and in 3 by two intervening atoms of 
carbon. The isomerism of ISTos. 1 and 2. is not equallj obvious ; 
indeed it has been overlooked by Kekule, who considers that 
three modifications only of the formula O^H^HOj, are possible, 
imless the six atoms of hydrogen in benzol be not regarded as 
of equal value. An inspection of the above graphic formulae 
shows, however, that a fourth modification is possible, depend- 
ent upon the mode in which the two neighbouring atoms of 
hydroxylic carbon are joined together. In No. 1 these atoms 

are united by two bonds," in No. 2 by only one bojid. 

It is at present impossible to assign to each of the three 
known isomers of CgH^Hoa its own constitutional formula. 
The same is the case also with th& remaining alcohols of this 
series. 



HYDROaUINONE. 
0,H,Ho,. 

Preparation,— '1. By treating arbutin vrith emulsin, or by 
;boiling it with dilute sulphuric acid : — 

C,,H,,0, + OH, = OeH.Ho, + CeH,,0,. ^ 

' Arbutin. Hydroquinone. Olnoose. 

2. By the action of sulphurous acid upon a solution of 
quinone. 

3. By the destructive distillation of quinlo acid^ 
SeactioM, — 1. Passed in vapour through a red-hot tube, it 

JB decomposed into quinone and hydrogen ;=-^/ 

C.H,Ho, = 0,H,g} + H,. 

Hydroquinone. Quinone. 

2. By many oxidizing agents it is transformed into quinone : — 
Q,H,Ho, + = OeH,g} "+ QH^. 

Hydroquinone. Quinone. 
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3. By the action of cUorine or a mixture of potassic clilorate 
and hydrochloric acid, it is converted into perchloro-qoinone 
(chloranil) : — 

CeH,Ho, + $01, = CeCl^o} + ^H<^- 

Hjdroqmiione. Chloranil. 

OgMeHjHOj. 
Melts at 86^ Soils at about 290"". 

Occurrence, — In certain lichens, such as Lecanora tartarea, 
Boccella tinctoria, and Variolaria ordna. 

Preparation. — By the dry distillation of orsellinic acid, or 
by boiling this acid with powerful bases : — 

C,H«0, = OeMeH3Ho, + CO,. 

Onellinio aoid. Orcin. 

Many other bodies which are obtained from lichens, such as 
lecanoric acid, erythrin, and picroerythrin, yield orcin under 
similar treatment ; but all these compounds give first orsellinic 
acid, which then breaks up into orcin and carbonic anhydride ; 
thus : — 



Leoanorio add. 


+ 


OH, = 2C„H.O,. 

Orsellinio acid. 


CjoHaaOio 

Erjthrio add. 


+ 


20H, = C,H.,0, + 2C,H,0.. 

Erythrite. OneUinio aoid. 


Piaroerythrin. 


+ 


OH, = C.H„0, + C.H,0,. 

Erythrite. OrMllinio add. 



Beaetions. — 1. With chlorine, bromine, iodine, and nitric 
acid, orcin gives the following substitution products : — 

Helting- 
point. 

Monobromordn CeMeHjBrHo, 135** 

Tribromorcin OgMeBr^Ho, 103** 

Trichlororcin OeMeClgHo, 159** 

Triiodorcin OgMelgHoa 

Trinitro-ordnic acid ... OeMe(NO,)3Ho, 162° 
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2. By treatment with ammonia in the presence of free 
oxygen it yields orcein, the colonring-matter of Archil and 
Cudhea/r^ the reaction being probably the following : — 

O.MeH,Ho, + NH3 + O3 = C,MeH3(N^O,)Ho? + 20H,. 

Ordn. Orcein. 

3. Heated with an excess of concentrated sulphuric acid to 
a temperature of from 60° to 80°, orcin yields orcin-disulphuric 
acid (dihydric orcinic disulphate) : — 

2SO,Ho, + C.MeH,Ho, = |g»g°(C,MeH30J" + 20H,. 



Balphnrio Orcin. Dihydric orcinic 



Aoid. 



lydnc orcin 
disalphate. 



CHAPTER XI. 

TBIRTDBIO ALCOHOLS, 

Glycerin or C^Hsn-iHog series. 

These alcohols contain three semimolecules of hydroxyl 
united with three different atoms of carbon ; consequently the 
lowest term of the series contains three atoms of carbon. 

Only two of these alcohols have been hitherto obtained :— 



H H H 

CH,Ho H— C— C— C— H 

OHHo . 

OH.H0 

li H H 



Glycerin i OHHo . A A J 
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H . 

■ ■ I 

H— C— H 

f OH,Ho H H— C-H H 

- AmylglyCerm .-,. < OEtHo ? I II 

lCH,Ho H— C C C— H 



r- ' 



A i i 
i 



L i k 



. The constitution of amylglycerin is not at present established. 
Its forniula may possibly be 

fCEtHHo 
\ OHHo . 
[ OH,Ho 

The action of oxidizing agents on amylglycerin will pro- 
bably throw light upon its internal structure. 



QLTCEBIK. 

fQH,Ho 
^ CHHo . 
[ CH,Ho 

Sp, gr, of liquid at 15^-4 is 1*26. Crystallizes at low femperO' 
iures, and remains solid aftemcards at ordinary temjoeratuns. 
Boils in vacuo at 179°*5, 

. Sources,^— MoBt animal and vegetable fats consist of mixtures 
of the glycerin ethereal salts of the fatty, and of the oleic, se- 
ries of acids. <jlycerin is liberated from these by water at high 
temperatures^ or by bases giving salts insoluble in water : — 

Stearin. Water. Oljoerm. StetrioaoicL 
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Selation of Glycerin to Isopropylic Alcohol. 

By the action of hydriodic acid, glycerin is converted into 
isopropyKc iodide t^— 

OH,Ho fCH3 

OHHo + 5in = ^OHI + 21, + 80H,. 

OHJffo [ OH3 



^3 

acid. . . iodic 



Glyoerin* Hydriodic Isopropylic Water. 



Selation of Glycerin to Allytic Alcolioh 

When diphosphorous tetriodide is brought into contact 
with glycerin, an energetic reaction ensues, allylic iodide being 
formed: — 

rCH,Ho iOH, 

CHHo =» 2 ]CH + 2POHH0, + L. 



i'T%tl 



V\\ + 2 



OHjHo tCHJ 



Diphosphorous Glycerin. Allylio Fhosphorons 

.tetriodide. iodide. acid. 



jRelations of Glycerin to JPropylic Gh/coh , . 

The Beveral Bemimolecules of hydroxyl in glycerin are 
capable of being replaced by chlorine, bromine, &c. ; thns, 
by the action of hydrochloric acid on glycerin, one semimole- 
cule of hydroxyl is displaced by chlorine, monochlorhydrin 
being formed : — 

fCH,Ho rCHXl 



J OHHo + HCl = 
\ OH,Ho 



OHHo + OH,. 
CH.H0 



Glycerin. Hydrochloric Konochlor- Water. 

acid. hydrin. 

Monochlorhydrin is identical with monochlorinated propylij 
glycol :— 

Konochlorhydrin. Monochlorinated 

propylio glyo^ 
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By the action of sodium amalgam and water, monochlorinated 
propylic glycol is readily converted into propylic glycol :' — 

fC(CH,Cl)HHo . TT = fC(CH3)HHo , ^p, 

Konochlorinated Fropylio Hydrochloric 

propylic glycol. glycol. acid. 



delations of Olycerm to the TrihydHc Acids — Glyceric Acid 

and Tartronic Acid, 

By the slow action of nitric acid, glycerin is converted into 
glyceric acid : — 

rCH,Ho rCH,Ho 

-^OHHo + 0, =» ^OHHo + OH,. 

[OH,Ho [OOHo 

Glycerin. G-lycerio Water. 

acid. 

A second semimolecule of oxatyl has not been produced in 
glycerin, so as to convert the latter into a dibasic acid ; but 
there can be little doubt that tartronic acid, which is formed 
by the spontaneous decomposition of nitrotartaric acid, is the 
acid in question, and that it haa the foUowing constitution :— 

rCOHo 
\ OHHo. 
[OOHo 

Tartronic acid. 



Itelations of Olycerin to Acrylic Acid, 

By the action of substances having an affinity for water, 
Buch as phosphoric anhydride or sulphuric acid, glycerin is con- 
verted into acrolein : — 

joi£° = 20H, + {g^^'fl. 
[ CH,Ho I '^"^ 

Olyoerin. Water. Acrolein. 
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By the absorption of oxygen, acrolein is transformed into 
acrylic acid : — 

fCMe"H . ^ fCMe^H 

toOH + ^ = ICOHo • 

Acrolein. Acrylic acid. 

Both these reactions are accomplished simultaneously when 
glycerin is added to fused potassic hydrate : — 

OHHo'' + KHo = fSoK? + H, + 20H,. 

G-ljoerln. Potaasio Potaaaio Water. 

hydrate. acrylate. 



CHAPTER XII. 
TBIRTDBIO ALCOROLS. 
Pyrogallic or C^^n-^^ series. 

Like the phenyl and orcin series, these alcohols are the direct 
derivatives of benzol. 

The following bodies are believed to belong to this series, 
whilst several other compounds not yet sufficiently known will 
probably soon be added to it : — 

Ifelting-point 

Pyrogallin ^ rll5°. 



Phloroglucin 

Phenomalic acid ? ... . 



>C^^o^ \ 220°. 



a 
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Theory points to four isomeric modifications of the formula 
OeHaHo,, viz. :— 

H— C=C— 0— H H— C=C— O— H 

H— C C— O— H H— C C— 0— H 

I! II 



H— C— G-0— H H— O— C— G-H 

H— C=C— 0— H H— O— C=C— 0— H 

H— 0— C C— H H— C C— H 

II II 11 II 

H— C— C— 0— H H— C— C— 0— H 

It is at present impossible to assign any of these formulae to 
the above enumerated three members of this series of alcohols. 



FTSOaALLIN, Fyrogallic Add. 

O.H,Ho3. 

Melts at 115°. SMimea untk partial decomposition at 210°. 

Freparation. — 1. By heating gallic add to 210°-220° in a 
stream of carbonic anhydride : — 

Oallio acid. Fyrogallin. 

2. By heating gallic acid with twice or thrice its weight of 
water to 200°-210° for half an hour in a Papin's digester. 
The reaction is the same as in No. 1. 

Beactions, — 1. Does not neutralize alkalies or form true salts. 

2. Passed over heated zinc, it is transformed into benzol : — 

0,H3Ho3 -*• 3Zn » O^H^ + 3ZnO. 

Fjrrogallin. BensoL 
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3. Bromine converts pyrogallin into tribromopyrogallin : — 



C,H3Ho, + 

Pyrogallin. 



3Br, = C,Br3Ho3 + 

Tribromopyro- 
gallin. 



3HBr. 



4. Heated to 260°, it yields water and metagallie acid :■ 
O«H,H03 = O^HaOHo + OH,. 



Pyrogallin. 



6 

Me 
aa< 



10 



5. ■Ammonia in the presence of air forms with it pyrogallein, 
to which the formula CigHjoNgOjo has been assigned. 

6. Concentrated boiling solution of caustic potash decom- 
poses it into acetic, oxalic, and carbonic acids. 

7. An alkaline solution of pyrogallin rapidly absorbs free 
oxygen, forming a dark-coloured body, together with acetic and 
carbonic acids and a small quantity of carbonic oxide. 



OTRJEE FOLTRTDBIC ALC0R0L8, 

JSrythrite (JErythrogluciriy JErytJiromannite^ Pliycite, l^seudor^ 
cin) is a tetrahydric alcohol ; and the acid correspondkig to it is 
tartaric acid. Citric acid may also be considered as derived 
from an unknown alcohol of this series. A glance at the for- 
mulsB of these alcohols and acids will show their relations : — 



fCH,Ho 
JOHHo 
lOHHo- 
[OH^Ho 

Erythrite. 



rooHo 

OHHo 
OHHo- 
OOHo 

Tartaric aoid. 



( CHHo(CH,Ho) f OHHo(COHo) 
OH(CH,Ho) . -^CH(COHo) . 
CH,(CH,Ho) I CH,(COHo) 



Tetrahydric alcohol 
(unknown). 



Citric acid. 



When reduced by hydriodic acid, erythrite yields butylic 
iodide : — 



rCH,Ho 
J OHHo 
I OHHo 
[ OH,Ho 

Erythrite. 



CH. 



+ 7HI = 4.0R, + 



Hydrio<Iio 
add. 



Water. 



lOH,I 



31,. 



But^lio 
iodide. 



a2 
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Finite and Quercite are believed to be pentahydric alcobuls ; 
and aposorbic acid is probably a deriratire of one of tbem :— 



rOH^Ho 

OHHo 

K^OHHo. 

lOHHo 

LOH^o 

Pentahydric 
alcohol. 



< 



COHo 

OHHo 

OHHo. 

OHHo 

OOHo 

"Aposorbio 
acid. 



Mannite is a liexahjdric alcohol. There are three acids cor- 
responding to this alcohol : these are saccharic and mucic acids, 
which are isomeric, and mannitic acid ; — 



< 



rCKHo 
OHHo 
OHHo 
OHHo- 
OHHo 



< 



V. 



CH,Ho 

Mannite. 



^OOHo 
OHHo 
OHHo 
OHHo' 
OHHo 

vOOHo 

Saccharic 
or mucic acid. 



< 



^CKHo 
OHHo 
OHHo 
OHHo- 
CHHo 
OOHo 



V. 



Hannitic 
acid. 



Mannite is closely related to glucose, the latter containing 
two atoms of hydrogen less than the former. Glucose can, in 
fact, be converted into mannite by the action of nascent hy- 
drogen : — 



rCHHo 
• OHHo 
lOHo ^ 
'McHo + 
CHHo 
OH^Ho 

Glucose. 



{ 



H, = 



< 



''OH^Ho 
OHHo 
OHHo 
OHHo* 
OHHo 



^ 



OH,Ho 

Mannite. 



Alcohols of high hydricity possess a sweet taste, in fact with 
increase of hydricity the alcohols gradually pass into saccha- 
rine substances or sugars. 
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CHAPTER XIII. 

THE ETHEES. 

These compounds are the oxides of the positive radicals. 

Each series of alcohols produces a series of ethers ; we have 
thus ethers of the monohydric, dihydric, and trihydric alcohols, 
of which the following are the general formulee : — 

Methyl Vinyl Phenyl 

series. series. series. • 



Ethers ofthe monohydric alcohols -j O 

I Cnllgn^l 



jo 



Ethers of the dihydric alcohols . . . C„H2„0. 



Ethers of the trihydric alcohols ^ C„ITo„_i-0-H2„_iC„ 



UTRUBS OF THE MONOHTDBIC ALC0B0L8. 

These bodies dre derived from the alcohols by the substi- 
tution of the hydroxylic hydrogen contained in the latter by 
a positive monad radical. 

MJETRTL SERIES, 

The following list contains some of the ethers of this series : — 

Boilin^i;- 
points. 

fCHa 
Mcthylic ether \ O or OMej -21°. 



fCH3 
Methylicethylic ether ^^ O or 

Etbylic ether -^ O or 

rcH3 

Methylicamylicether •! O or 



CH3 

or OMeEt +11**. 

CMeHa 

{ CMeHj 
O or OEt, 35°'6. 

CMcHa 

rCHg 
O or OMeAy 92°. 

CBuH. 
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Ethylio butylic ether. 



Ethylio amjlic ether. 



Butyio ether 



Amylic ether 



O or 

O or 

ran, 

O or 

O or 



CMeHa 

O or OEtBu 

OPrHa 

r CMeH, 
O or OEtAy 

CBuHa 

CPrH, 

O or OBUj 

OPrHj 

rCBuHa 
O 
OBuH, 



or OAjj 



Boiling 
pointib 

80°?. 



112°. 



104°, 



176°. 



Formation. — 1. By the action of sulphuric acid upon the 
C^Ha^iHo alcohols. The process may be divided into the two 
following stages : — ► 

an^^iHo + SO,Ho, = SO,Ho(aHa«+iO) + OH,. 

Aloohol. Bnlphnrio Sulpho-add. Water. 

acid. 

SO,Ho(C„H^iO) + C„HaH.iHo = -^ O ^_ + SO,Ho,. 



Snlpho-aoid. 



AloohoL 



Ether. 



Bulphario 
add. 



CnHan^iNao + C^H^^+J = 



2, By converting the C^Haj+iHo alcohols into sodium op 
potassium compounds, and then acting upon the latter with 
the iodides of the monad positive radicals : — 

2C„H2^iHo + Na, = 2C„H2^i]Srao + H,. 

Alcohol. Sodic alcohol. 

+ Nal. 

C„H2„+l 

Bodio alcohol. Iodide. Ether. Bodic iodide. 

Reaction. — ^The ethers can be reconverted into the corre- 
sponding alcohols by treating them with sulphuric acid, and 
then distilling, with water, the sulpho-acid so produced : — 

+ 2SO,Ho, = 2SO,Ho(C,Hj,+iO) + OH,. 

Ether. Sulphuric acid. Sulpho-acid. Water. 

SO,HoCC„H^+,0) + OH, = SO,Ho, + C.Ha^.,Ho. 

Sulpho-acid. Water. Sulphorio acid. AloohoL 



I 
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KEIHTLIC ETHEB, Meihylic Oxide. 

OH, 

O or OMeo. 

OHs 



'a* 



Molecular weight =46, Molecular volume pTI ' 1 ^*^^^ of 
medhylic ether vapowr weigJis 23 criths. Boils at —21°. 

Preparation,— 3j heating methylic alcohol with sulphuric 
add or boric anhydride : — 



CHjHo + SO,Ho^ = SO^HoCCHgO) + OH,; 

Bfeti^Iio Sulphnrio Snlphomet] 

aloonoL aoid. add. 



Keti^Iio Sulphnrio Snlphomethylic Water 

>no" 



SO^o(CH,0) + OH,Ho = ^O ' + SO,Ho,. 

OH, 

Sulphometbylio Kethylio Hethylio Sulphuric 

add. alcohol. ether. acid. 

Meaction. — ^Methylic ether is acted upon by chlorine under 
the influence of light, the hydrogen being displaced atom for 
atom by chlorine. The following compounds are formed : — 

feci. 



f CH,a f OHCl, 

\ 



IS 




OCl. 



[ OHjCl I CHCJ, 

Dichlorinated Tetraohlorinated Ferchlorinated 

methylic ether. methylic ether. methylic ether. 



ETHYLIC ETHER, EtJiylic Oxide, MJier, Sulphuric Ether, 

f OMeH, 

or OEt^. 

OMeH, 

Molecular weight =74. Molecular volume PTI ' 1 ^^^^^ of 
ether vapour weighs 37 criths. Sp, gr, =0*723. Fuses at 
-31°. Boils at 35°-6. 






Preparation, — A mixture of equal volumes of sulphuric acid 
and alcohol is heated to a temperature of from 140° to 145°, and 
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a constant stream of alcohol is allowed to flow into the mixture. 
Ether and water distil over together. Two reactions take place 
successively : in the first, the alcohol is converted into sulpho- 
vinic acid ; and in the second the sulphovinic acid is converted by 
a further quantity of alcohol into sulphuric acid and ether : — 

EtHo + SO,Ho, = SO,EtoHo + OH,. 

Alcohol. Snlpharic acid. Sulphovinic acid. Water. 

SO^EtoHo + EtHo = OEt, + SO,Ho,. 

Sulphovinic acid. AlcohoL Ether. Sulphuric add. 

In this manner the same quantity of sulphuric acid can 
convert an unlimited quantity of alcohol into ether. 

The formation of ether is not due to the simple removal of 
water from two molecules of alcohol by sulphuric acid. This 
is proved, first, by the sulphuric acid not becoming more 
dilute, and, secondly, by the fact that, if sulphamylic acid be 
acted upon by ethylic alcohol, the mixed ethylic amylic ether is 
formed : — 

SOjAyoHo + EtHo = SO.Ho, -f OAyEt. 

Sulphamylic acid. Ethvlio Sulphuric Ethylic amyUo 

aloonol. acid. ether. 

Beactiona, — 1. Ethylic ether, when mixed with an equal 
volume of sulphuric acid, produces sulphovinic acid : — 

OEt, + 2SO,Ho, = 2SO,EtoHo + OH,. 

Ethylic ether. Sulphuric acid. Sulphovinic acid- Water. 

2. Hot nitric acid converts ethylic ether into carbonic, acetic, 
and oxalic acids. 

3. Exposed to the air, it gradually absorbs oxygen and ia 
transformed into acetic acid : — 



1 



^^' f OH, 



Sh "^ ^' = MOOHO + OH, 



iCH, 

Ethylic ether. Acetic acid. Water. 
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ETHTLIC SULPHIDE, Sulphur Ether, 

[ OMeH, 

J S or SEfcj. 

[ CMeH, 

Molecular weight =90. Molecular volume [T1 * 1 ^*^^^ ^f 
ethylic sulphide vapour weighs 45 criths, Soils at 73°. 
Preparation, — By adding ethylic chloride to potassic sul- 
phide, and distilling : — 

fCMeHj 
20M:eH,CI + SK, = ^S + 2KC1. 

[ OMcH, 

Bthylic chloride. Potaasio Ethylic sulphide. Fotassio 

sulphide. chloride. 

Reactions, — 1. Ethylic sulphide combines directly with 
ethylic iodide, fonning 

Sulphurous triethy lo-iodide SEtgl. 

By the action of argentic oxide on this iodide, the corre- 
sponding hydrate may be formed : — 

SEtJ. + AgHo = SEt3Ho + Agl. 

Bulphnroni Argentic Bolphurons 

triethjio- hydrate. triethylo- 



Bulphnroni Argentic Bolphurons Argentic 

riethylo- hydrate. triethylo- iodide, 

iodide. hydrate. 



2. By cold nitric acid it is converted into sulphurous dieth- 
oxide (SOEtj), which by more powerful oxidizing agents is 
transformed into diethylsulphon (sulphuric diethoxide), SO^Et^, 
which melts at 70'' and boils at 248°. 



UTHUBS OF THE VINYL AND PRENTL SERIES. 

Of the ethers of the vinyl series, allylic ether, < , 
alone is known. It boils at 82°. 
In the phenyl series, phenylic etlicr, < , and beuzylic 

ether, -{ , have been obtained. 
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Bj digesting benzylic chloride with potassic phenylate, a 
mixed ether, phenyl-benzyl ether, is formed : — 



{ 



°«^'n, + C,H.Ko = KCl + 



C.H. 



OH,Cl 




Benzylio Fotassio Fotassio Phenyl-benzyl 

oblonde. phenylate. chloride. ether. 



UTREES OF THE BTETBEIQ ALOOROLS, 

Of these the three following are known, but the first only 
has been carefully studied : — 

Boiling-points. 

Ethylenic oxide, C,H,0 13°-5. 

Propylenic oxide, CjE^O 35°0. 

Amylenic oxide, O.ll^fi 95°0. 



c,H,o = |>;s»o. 



ETHTLENIC OXIDE, Ethylenic Ether. 

CH, 

ch; 

Molecular weight =44. Molecular volume i I 1 . 1 litre of 
ethylenic oxide vapowr weighs 22 critha. Boils at 13^*5. 

^Preparation, — ^Ethylenic oxide is obtained from glycol by 
converting the latter, first into ethylenic chlorhydrate, or 
chlorhydric glycol, by the action of hydrochloric acid, and 
subsequently treating the compound thus formed with potassic 
hydrate : — 



{ 



ch'ho + ^^ = Vch;ci + ^^- 

Glycol. Hj;droohlo- Ethylenic Water, 

no acid. chlorhydrate. 

[ol^ + KHo = {gH,o + OH, + KCl. 

Ethylenic Potaasic Ethylenic Water. Potaatio 

chlorhydrate. hydrate. oxide. chloride. 
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Iiomert.—'BSijlemo oxide is iaomerio with vinylio aloohol 
and aoetio aldehyde. The nature of this isomerism is seen in 
the foUowing formula :— 





H 
1 




H 

H C>- 




Efchylenio 
oxide. 


t CH Ho- 

Vinylio 
aloohoL 








k 






H 






COH- 


H— C— H 






Aoetio aldehyde. 


H 0-0 





BeaetioM, — 1. Etliylenic oxide unites with nascent hydrogen, 
fonning alcohol : — 

{C^P + Ha = {SIho- 

Ethylenio Aloohol. 

oxide. 

2. It also unites with oxjgen, forming glycollic acid : — 

, ICh"^ + O, ^ jCOHo- 

Eth^tenie Glycollio 

oxide. aoid. 

3. It is a basic substance, and unites directly with acids :•— 

[^ + HCl = {gg^V 



Ethylenio 


Hydro- 


Ethylenio 


oxide. 


enlorio 


ohiorhydrate 




acid. 


or ohlorhydrio 
glycol 



4. Ethylenio oxide precipitates as hydrates many metals from 
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solutions of their salts, such as the ferric, aluminic, cupric, and 
magnesic hydrates :— 

2 { g^O + MsCl, + 20H, = 2 { ^g, + MgHo, 

£th}rlenio Magnesio Water. Sthylenio Maenesio 

oxide. chloride. ohlorhjdrate. hydrate. 

5. It also combinoa directly with water, reproducing gly- 
col: — 

(==.0 t OH. = {gH.H.. 

Ethjrlenio Water. G-lycol. 

oxide. 

These reactions exhibit a wide difference between the beha- 
viour of ethylenic ether and that of ethylic ether. This dif- 
ference arises from the fact, that in ethylic ether the ethyl 
semimolecules are held together by the oxygen only, whereas in 
ethylenic ether the linking of the two groups of CH^, does not 
depend on the oxygen atom alone, as will be seen from the 
following formulae : — 

H H H H 

EthyUc ether H— C— C— 0— C— C— H = ^ O . 

II i I IcA 



H H 
H H 



i 



Ethylenic ether H— C—C^H == foH'^' 

On account of this peculiariiy of constitution, ethylenic oxide 
can combine directly with many substances without the dis- 
ruption of its molecule, — a property which obviously cannot 
be possessed by ethylic ether. 



ETHERS OF THE TBIHTDBIO ALCOHOLS. 
Of these only one is known, viz. :-^ 
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4 

OLTCTLIC ETHES, Qlycylic Oxide, 
H H 



H— C— 0— C— H 

I I fOH,-0-II,Cl 

H— C— 0— C— H = \ CH -0-H C \ . 

I I CH,.0-H,Cj 

H— C— 0— C— H 

I I 

H H 

Freparation, — ^By the action of potassic hydrate on so-called 
iodhydrin : — 



< 



CH, f CH,.0-H,C 

+ KHo = KI + OH, + ■( CH -O-H C }■ . 

CH, i CH,-0-H,C 

CHI 
^CH,Ho 

lodhydrin. Potaaaio Potassic Water. Glycylic ether, 

hydrate. iodide. 



CHAPTER XIV. 

THE HALOID ETHERS. 

Each series of positive radicals forms its own series of haloid 
ethers. 

These ethers are produced by the substitution of hydroxyl in 
the alcohols by chlorine, bromine, iodine, fluorine, or cyanogen. 



Maloid Ethers of {he Monad Positive Radicals. 
As these radicals can only unite with one semimolecule of 
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hydroxyl, they can only form one haloid ether. Each series of 
radicals therefore forms one series of haloid ethers : — 

I. Haloid ethers of the form CnHsH+iCl. 

II. |> „ 9, „ 0„H2^_iCl. 

III. yt „ „ „ C„Ha»-7Cl. 

The following will serve as examples of the three series : — 

H H H 

Propylic iodide... O^B.^1 i i i 

or H— C— C— C—I 

C(C,H,)HJ. I I I 

^ ' H H H 

H 

Allylic iodide ... C3H5I 1 

or I— C— C=C— H 

C(C,H3)HJ. ( I I 

H H H 

H-C=C-.H 

PhenyUc iodide... C^HJ H— C C— I 

II II 
H— C—C— H 



Haloid Mhers of the Dyad JPositive Badicals, 

As the dihydric alcohols contain two semimolecules of hy- 
drozyl, it follows that there are two classes of haloid ethers 
derivable from them. The first is formed by the substitution 
of one of the semimolecules of hydroxyl by chlorine, bromine, 
&c., and the second by the like displacement of both semi- 
molecules of hydroxyl : — 

I. Haloid ethers of the form C„H2„HoCl. 
I-l* » » » » C^H^iClj. 

The following examples will suffice to illustrate the consti- 
tution of both these classes of haloid ethers : — 
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Chlorhydric glycol or ethy- H H 

lenic cUorhydrate C^H^HoCl -rr i i ^ 

H — C — C — H 

I I 

rOH,Ho o CI 

10H,C1 • I 

H 
Ethylenic dicHoride 0^,a, H H 



or 



fOKCl 



H— C— C— H 



I vajui I I 

lOH^Cr ^i (1,1 



Haloid Ethers of the Triad Positive Badicah. 

Three classes of lialoid ethers are derived from the trihydric 
alcohols by the successive substitution of the three semi- 
molecules of hydroxyl contained in these alcohols by chlorine, 
bromine, &c. A fourth class also exists, which stands inter- 
mediate between the ethers and the haloid ethers, and which 
is formed by the substitution of one of the semimolecules of 
hydroxyl in the alcohol by a monad negative radical, such as 
chlorine, bromine, or cyanogen, and the remaining two semi- 
molecules of hydroxyl by a dyad oxygen : — 

I. Haloid ethers of the form C„H2„_iHoaCl. 
II. „ „ „ CnB[2„_iHoCla. 

III. „ „ „ CnH2„_iCl3. 

IV- „ „ „ CnH2r»_lOCl. 

The following are examples of each of these classes : — 

H H H 

f CH^Ho H-C— C— C— H 

Chlorhydrin. \ CHGl I I I 

[CH,Ho O CI 

H H 
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DicLIorhydrin ... 



Trichlorhydrin . . . 



n H H 

III 
f CKCl H— C— C— C— H 

CHHo. I I ! 

CH.ci a a 

I 

H 



H H H. 
fCH,Cl I I I 

OHa . H— C— C— C— II 

CH,C1 



CI 01 CI 



H H H 
Hydrochloric fOHjCl | I I 
glycide or epi. ] CH q . H— C— C C— H 

chlorhydria ... I CH, J I 

^ CI "^O^ 



HALOID ETHERS OF THE MONAD POSITIVE 

BADIGALS. 

Preparation. — These ethers are produced by the following 
general reactions : — 

1. By the action of the hydracids upon the alcohols : — 
C,Ht.+iHo + HCl = CnHj^iCl + OH,. 

AlcohoL Hydroohlorio Haloid ether. Water. 

aoid. 

2. Bj the action of phosphorous chloride on the alcohols: — 
3C„H2^xHo + PCI3 = SCH^^iCl + POHHo,. 

AloohoL Phosphorous Haloid ether. . Fhosphoroos 

chloride. acid. 

3. By the action of chlorine on the hydrides of the radi- 
cals: — 

C,H,«+,H + CI, = aH^+iCl + HCl. 

Hydride. Haloid ether. Hydrochloric 

acid. 
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It is obvious that in tliese reactions bromine and iodine may 
he used instead of chlorine. 

Theae reactions apply equally to the C,llj,_i and 0,H[,_t 
Beriei. 

For the preparation of the nitrilea, which are iaomerie with 
the cyanides of the radicals, two special reactions (Nos. land 2) 
are employed. 

1. The distillation in the dry state of a mixture of the po- 
tassic sulphate of the radical with potassic cyanide : — 
SO,K:o(C„H^iO) + KCy = SO^Ko, + C,H,,+iCy. 

Futuaid anlph^te of the Potaeaio FoCasHio Abnormal Dvanidc 

2. The fatty acids are converted into ammonium salts and 
distilled with phosphoric anhydride, when the abnormal cyanides 
of the positive radicals which they contain, or nitrUes, are pro- 
duced i^ 

{o(5ff:H.o) + =''.0. = {&>' + *^°-^''- 

Ammomiua Phoaphoric Abnonaai cyiuiide McEAphoiphDrio 

salt. anlijdridf . or nitrUe. suid. 

3. By the action of chloroform on an amine in the presence 
of an alcoboUc solution of potasaic hydrate, a norma! cyanide is 
produced. These cyanides are isomeric with those obtained 
by the two previous processes, and appear to contain nitrogen 
in the pentad condition : — 






+ CHCl, = 3Ha + {^J'"+'- 



Seaetions. — 1. Treated with alcoholic solution of potash, 
most of the haloid ethers of the C,.H^,^^.| series, except the cya- 
nides, are reconverted into alcohols : — 

C,H,.+,a + KHo = C„H,^,Ho + KCl. 

Hsioid ether. Vm^aMo Akobiil. PoUuiu 

lijdrale. ohloridp. 

2. The nitrilea, or abnormnl cyanides, under similar cireum- 
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stances are converted into potassic salts of the acids which 
contain the positive radical of the cyanide : — 

[^^,^- + KHo + OH, = {g"J-Ji + NH.. 

Abnormal Fotaseio Water. Potaaaio Ammonia* 

cyeadde. hydrate. salt. 

3. Th(3 nitriles or abnormal cyanides when submitted to the 
action of acids yield an ammonic salt and a &tty acid : — 

{g»^^ + HCl + 20H, = NH.Cl + {g"^^ 

IS'itrile. Hydrochlorio Water. Ammonio Fatty add. 

aoid. chloride. 

4. The normal cyanides when acted on by acids behave like 
hydrocyanic acid (see p. 28), producing formic acid and the 
hydrochlorate of an amine : — 

{ NC '^' + ^Cl + 20H, = I g^g^ + N(C.H,,+0H.C1. 

Cyanide. Hydrochlorio Water. Formic Hydrochlorate 

acid. acid. of amine. 

This reaction appears to take place in three stages ; and in 
the case of phenylic cyanide the intermediate compounds have 
been obtained : — 

gj' + 20H, - {g^g^ + N,(CH)"'(CA).H. 

Phenolic Water, Formic yormyl-diphenyl-diamfiKi. 

cyamde. acid. 

N,(CH)"'(CA)^ + OH, = {&(%H)H + {§§:• 

Formyl-diphenyl-diamine. Water. Phenyl formamide. Phenylamine. 



{ 



{&(^bH)H + OH. = {g^' + {goHo- 



I O A 

1N(C 

Phenyl formamide. Water. Phenylamine. Formio add. 



5. "When the iodides are digested with zinc or magnesium, 
the radicals are either liberated or unite with the metal : — 

2CA„+J + 2Zn = Zn(C„H2^0. + Zala, 

Iodide. Organo-zinc Zindo 

oompoond. iodide. 



JTHYLIC CHLORIDE. 



lodldd. 






6. "When the iodides are auhmitted to the action of Bodic 
ethjlate, a mixed ether (or a aimpleetherifn=2) is formed: — 



C,H,Nao + C„H.^,I 






Nal. 



'. The haloid ethers of the monad positive radicala are the 
repreaentativeB of the hydracida of mineral chemistry, and 
unite directly with ammonia, producing salts which, when treated 
with potasaic hydrate, yield compound ammonias containing the . 
basylotis radical of the haloid ether in the place of one atom of 
hydrogen : 

NH, + EtI = NH,EtI. 



NH,BtI + EHo = XEtH, 

Ethflammonio FotaABia Ethjlornia?, 

lodidff- hjdnte- 



+ KI + OH,. 



METHYLIC CBXOEITE. 
CH.a or MeCl. 
Moleevlar weight =50-5. MoUeular volume PP ' 1 ^*^^ 9f 
methylic chloride vapour vieighs 2525 orUhi. BoOt at 
-21°, 
Preparation. — By heating together sodic chloride, methylic 
alcohol, and sulphuric acid : — 

SO,Ho, + MeHo = SO.MeoHo + OIF.. 

Snllibnnc UethvliD BuIplianicU;]iid WuUt. 



SO^MeoHo 



MeCl 

Methjlio 



SOjHoNao. 

Ejdricnodio 
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Beaction.'^By the action of chlorine, methylic chloride pro-, 
duces three substitution derivatives : — 

Boiling- 
point. 

Monochlorinated methylic chloride, OHjCla. 31° 
Dichlorinated „ „ CHCI3. 60°-8 

Triehlorinated „ „ CCl,. 78^ 



>o 



Chloroform, acted on by powdered zinc and a solution of 
ammonia, produces mcthylenic dichloride, boiling between 
40° and 42°. It seems to diflfer from monochlorinated methylic 
chloride, which is said to boil at 31° 



CHLOBOFOBM, Dichlorinated MetTiylic Chloride. 

CHCl,. 

Molecular weight =119*5. Molecular volume rn * 1 ^itre of 
chloroform vapour weighs 59*75 criths, 8p. gr. 1*48. Boils 
at 60°*8. 

Preparation, — This compound is manufactured in large 
quantities by heating alcohol with a solution of calcic chloro- 
hypochlorite {chloride of lime). It may also be made by treat- 
ing methylic alcohol in the same manner. Eor the reaction 
see p. 57. 

Beactions, — 1. Chloroform is transformed into potassic for- 
mate by boiling with alcoholic potash : — 

CHCI3 + 4KHo = CHOKo + 3K:C1 + 20H,. 

Chloroform. Potasdc Fotaasic Potaisio Water. 

hydrate. formate. chloride. 

2. When acted upon by chlorine in the presence of sunlight, 
the hydrogen of chloroform is displaced by chlorine, and carbonic 
tetrachloride (CCIJ formed. 
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ETH7LIC CHLOEIDE. 

C^H^Cl or EtCl. 

Molecular weight s=64i'5. Molecular volume rTI ' 1 Hire of 
ethylic chloride vapov/r weighs 32*25 criths. 8p. gr, 0*874. 
Boils at ll°-5. 

Preparation. — ^Efchylic alcohol is saturated with hydrochloric 
acid, and digested in sealed tubes at 100° for one or two hours, 
when the mixture separates into two layers, the upper one 
being the ethylic chloride : — 

EtHo + HCl = EtCl + OH,. 

Alcohol. . Hydroohlorlo Ethj;lio Water, 

aoid. chloride. 



ETHTLIC IODIDE. 

CsH J or EtI. 

Molecular weight =156. Molecular volume QZ|. 1 litre of 
ethylic iodide vc^our weighs 78 criths, Sp, gr, 1*9464. 
Boils at 72°'2. 

Preparation, — By placing in a retort two parts by weight of 
alcohol and one of amorphous phosphorus, and then introducing 
five parts of iodine and distilling in a water-bath : — 

3C,H,Ho + P + I3 = 3C,HJ + POHHo,. 

AlcohoL Eth^lio FhosphorouB 

iodide. add. 

BeacMon, — ^Ethylic iodide, when heated with water in a 
sealed tube, produces ether and hydriodic acid : — 



2aHJ + OH, = 



Ethjrlic Water, 

iodide. 



O.H. 


+ 2HI. 


Ether. 


Hydriodic 
acid. 
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The methylio and amylio iodides are similar liquids, and ob- 
tained by analogous prooesses ; the methylie iodide, CHgljhas 
the sp. gr. 2-237, and boHs at 42° C. Amylic iodide, CgHnI, has 
the sp. gr. 1*511, and boils at 146°. 

The haloid compounds of the allylic and phenylic series are 
of comparatively little importance. 



HALOID ETREBS OF TRE DTAJD POSITIVE 

BABIGALS. 

I. Raloid ethers of the firm C„H2„HoCl. 

Preparation, — These ethers are prepared by the action of the 
hydracids on the glycols. The following will serve as examples 
of this class : — 

Ethylenic chlorhydrate or chlorhydric glycol \ nw^np 

Treated with potassic hydrate, both these bodies give ethy- 
lenic oxide, as previously described (p. 90). 



n. Raloid ethers of the form C,Ha,Clj. 

Preparation, — ^These ethers are generally formed by the 
direct union of the dyad radicals with the negative elements. 

The following list comprises the chief members of this 
class: — 

Bofling-point. 

Methylenic chloride CH.Cl, 40° 

iodide CH,I, 181° 

Ethylenic chloride C,H,Cl, 85° 

„ bromide OaHA, 129° 
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Boiling-point. 



Ethylenic iodide C^HJa 

Propylenic chloride CgHgCla 103° 

„ bromide CgH^Br, 144° 

„ iodide CJIJ^^ 

Butylenic chloride C^H^Cl, 127° 

„ bromide C^H^Br,. ...... 160° 

Amylenic chloride CgHjoCl^ 



„ bromide C^Hi.Br, ...... 175* 

By the action of potassium, sodium, or zinc, the radicals are 
again liberated, except in the case of the methylene compounds. 
The bromides are the most important members of the series. 



ETHTLENIC BBOmDE. 

C,H,Br, or [^^^^ or Ef'Br.. 

Molecular weight =188. Molecular volume I I I . 1 litre of 
ethylenic bromide vapour weighs 94 critJis. Sp* gr, 2*16. 
Fuses at —18°. Boils at 129°. 

Preparation, — By agitating bromine and water with ethy- 
lene. 

Eeactions, — 1. Boiled with alcoholic potash it yields brom- 
ethylene or vinyUc bromide : — 

C,H,Br, + KHo = C,H3Br + KBr + OH,. 

Bthylenic FofcacHdo Yinylio bromide Potassio Water, 

bromide. hydrate. or bromethylene. bromide. 

2, Heated with an alcoholic solution of potassic acetate, it 
yields monacetic glycol. 



{ 



g|£ + .OM.0K0 + OH. = (gi;r"'° 



Bthylenio Poteasio Water. Monaoetio glycol 

bromide. acetate. 

+ CMeOHo + 2K:Br. 

Acetio Fotasaio 

acid bromide. 
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ETHTLENIC CTANIDE, Ethylenic NitrUe. . 



{ 



CH,Cy 
Fuses at 37°. 

Preparation. — By heating ethylenic bromide with potassic 
cyanide to 100® for sixteen hours : — 

rCH,Br , 2CN"'K: - /CH,(CN"') , „^^^ 
tCBCBr + 2^^ ^ - tcH,(CN"') + ^^^''- 

Ethjlenio Fotaasio Ethyleuio Fotassio 

bromide. qyanide. nimle. bromide. 

Beaction, — When boiled with alcoholic potash, ethylenic 
nitrile or abnormal cyanide jrields potassic succinate : — 



( 



CH,(CN"') , 2KTT„ , 20H - /CH/COKo) , ^-^ 

Ethylenio Fotassio Water. Fotaasic Ammonia, 

nitrile. bjdrate. sneoinate. 



HALOID ETREB8 OF THE TRIAD FOSITIFE 

RADICALS, 

I. of the form CnHfti^iHogCl. 

Boiling- 
point. 

f CH,Ho 

Chlorhydrin ...-^OHOl 227°. 

I CH,Hb 

rOHJIo 

Bromhydrin ...-^CHBr WfPinvaew. 

lOH,Ho 



n. of the form C„H:»._,HoC1,. 
Dichlorhydrin... 



CHHo 180°. 

CILCl 



THE ALDEUVDES. 

m. oftheformC„H;„.,t.'V 



poiaU 

{ CH,C1 

Trichlorhydrm. J CHCl 155°. 

t CH,C1 

IV. OftheformC„Hj,.,OCl. 

Hydrochloric f CH. ^ 

glycide or epi- J CH'^ 118°. 

Chlorhjdrin.., I OH.Cl 

Preparation. — The ethers of the first three forms are obtained 
by the action of the hydracids upon glycerin ; ■whilst those of the 
fourth are produced by the action of alkalies upon the second 
form of compounds. 



k 



CHAPTEE, XV. 



THE AIDE HYDE 9. 



These compounds are intermediate between the alcohols and 
the acids. They are formed from alcohols by the abstraction of 
hydrogen ; hence the name, which is an abbreviation of alcohol 
dehi/droffenatum. 

Three aeries of aldehydes are known, corresponding to tho 
three series of monacid alcohols, viz. : — 

A. Aldehydes derived from C„Ha,+iHo alcohols. 

■ B. „' „ „ C,H^-.Ho 

k C. „ „ „ C„H^_,Ho „ 

Preparation. — 1. Tho aldehydea are formed by the oxidation 
of the alcohols j ethjlic alcolipl, for instance, yields acetic 'aide- 
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JCH, 
t CH.Ho 

Ethrlio 
alooboL 



+ 



- i®^ 



Acetio 
aldehyde*. 



OH,. 

Water. 



2. Aldehydes are also formed by distilling a mixture of mole- 
cular quantities of the potassio salt df a fatty acid and of potassic 
formate :— 



COKo 


+ 


tcOKo - 


- tOOH 


+ 


COKo,. 


Potassio 
aoetatei 




Potassio 
formate. 


Acetic 
aldehyde. 




Potassio 
carbonate. 



This is an important reaction, as by its means the series 
of fatty acids can be ascended; for the aldehyde may next 
be transformed into an alcohol by nascent hydrogen then the 
alcohol converted into an abnormal cyanide or nitrile, which 
by treatment with potassic hydrate gives the potassic salt of 
the next higher acid. Thus : — 

/OH, 
tCOH 



+ H, = 



JCH, 
t CH,Ho ' 



Acetio 
aldehyde. 



Ethvlio 
alcohol. 



/OH, 
tOH,Ho 

EthTlio 
aloonoL 



SO,Ho, 

Bolphario 
acid. 



SO^BLoBto + ON"'K 



Bvlphovinio 
add. 

r CMeH, 

t ON'" 

fifth]rlio 
nitnle. 



Potassio 
cyanide. 

+ KHo + 

Potassio 
hydrate. 



SOaHoEto 

Snlphoyinio 
acid. 

SO,KoHo 

Hydrio potaasic 
sulphate. 



+ OH 



2 ) 



Water. 



f CMeR 



\CN'*' 



OH, = 

Water. 



f CMeH, 
tCOKo 

Potassio 
propionate. 



Bth^rlio 

nitnle. 



+ NH,. 

Ammonia. 



Starting again with potassic propionate, instead of potassic 
acetate, the same series of reactions can be performed, resulting 
in potassic butyrate, and so on. 



*H 



H O 

;— 0— 



u 



REACTIONS OF ALDEHYDES. 

Eeactiong. — 1. By direct absorption of oiygen, the 
are traDsformed into the correBponding adds : — 

tCOH + U - IcOHo ■ 

Aldchfds. Aciil. 

2. Also heated with ammoniacal solutioE of ai^entic oiide, 
the aldehydes are converted into acide, metallic silver heing 
deposited ; — 

Aldehjifl. Argei^tia (mle. Acid. 

. 3. When heated with potasaic hydrate, the aldehydes yield 
the potasBic salts of the corresponding acids, with evolution of 
hydrogen: — 

{&' + ™° = (ofe- + H.. 

Aldehydes, Potn-^hiD Fotasna 

4. Treated with nascent hydrogen, they are converted into 
the corresponding alcohols : — 

tcOH + ^^ - \CH,Ho- 

AJdflh^ds. Alcohol. 

5. Most aldehydes combine directly with ammonia, forming 
crystal'-ino compounds : — 



|C0H + '^'^' - tC0(]SH.)- 



6. Aldehydes also combine with the alkaline hydric sulphites, 
producing crystalUne compounds ; — 

AldohTde. Hydric patuaic 
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A. ALBERTDES DEBITED FROM TEE aHg^xHo 

SERIES OF ALOOSOLS. 

The following are known : — 

Fusing' Boiling- 
poin£ point. 



Fonuio aldehyde •••jnoH 

Acetic aldehyde {cok ^^**- 

Propiomcaldehyde..|g^j^^ or {coh'^^ (40^-45'). 

Butyric aldehyde ..-{cOE^ <>' {cO&^"^^ (BS'^-TS^). 

Yalerio aldehyde :..{po]?=* or {cQ^^^ 93». 

OEnanthio aldehyde.. I^Q^a or I g^^^")^a below -12*. 152°. 

Caprio aldehyde (cOH^"^"^" - 2**. 228"? 

Euodio aldehyde {coh'"^"^^'* + "^^ ^^^''• 

Lauricaldehyde {c^^"^"'^"^' 232*. 

Palmitic aldehyde ... (c^^^^^^^ ^^• 

ACETIC ALDEHTDE, Aldehyde. 
ICH3 

Molecular weight =4i. Molecular volume m . 1 litre of 
aldehyde vapour weighs 22 critTis, 8p, gr. =0'79. Boils 
at 21°-8. 

Preparation, — 1. By oxidizing alcohol with chromic acid, 
chlorine water, or manganic oxide and sulphuric acid : — 

(c|ho + = {OOH + O^- 

Eihylio Aoetio Water. 

aloonoL aldehyde. 

2. By oxidation, casein, fibrin, and albumen also yield alde- 
hyde. 
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3, AlJehyde ia formed when the vapour of alcohol or ether 
13 passed through a tube heated to dull redneBS. 

Bmclions. — 1. It gradually ahaorba oxygen from the air, 
forming acetic acid, into which it ia also readily converted by 
osidizing agents : — 

tcOH + 'J - \cOHo- 



PCI, = J;"^T + POCL 



aldehyde. 

2. It reduces silver salts, depositing lustrous metallic silver 
on the aides of the vessel. 

3. By the action of phosphoric chloride on aldehyde, etbyli- 
denic dichloride is produced : — 

Acetic FLosphoric EthylldL'nio Phogphorill 

eldi^hjdu. chloride. dialiloridc. oiytriL^hlDride. 

4. When auhniitted to the action of potassium, one atom of 
hydrogen ia suhstitnted by an atom of the metal, the compound 

{cok 

being fonned. 

5. Hydrocyanic acid transforms aldehyde into alanin : — 
f™- + NCH J- OH - /OMeH(N"H.) 

Afttic Hrdrocramc Water. AlaniTj. 

lUehTde. add. 

By the action of nitrons anhydride, alonin or lactaraic aciil 
ia converted into lactic acid ; — 

, { g^'HP'-HJ + N.O, - 2 { °J,™° + 2N. +OH,. 

A l jtn i n - ]^itroua Ljictio Water. 

There arc three isomeric modifications of aldehyde : — 
^^^^ Metaldehyde, cryatalline, subliming at 120°. 
^^^^L Paraldehyde, liquid, boiling at 125°. 
^^^B ElaUehjde, crystalline, fusing at 2°, boiling at 9-1". 
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By the action of cKLorine upon alcohol, trichlor-aldehyde is 
formed containing 3 atoms of chlorine in the place of 3 atoms 
Qf methjlic hydrogen. It is named chloral^ 

JOCl, 
tCOH- 

This compound immediately unites with one molecule of 
water, forming chloral liydrate, which has the following con- 
stitutional formula :-^ 



{ 



COL 
OHHo. 



In the same operation chloral dleoholate is generally produced. 
Its constitution is expressed by the following farmula: — 

\ CHEtoHo* 



B. ALDEHTDJES DERIVED EBOM TRE C„Ha._iHo 

JLQ0S0L8. 

ACEOLEIN. Acrylic Aldehyde. 

{ CMe"H 
tCOH • 

Molecular weight e=56. Molecular volume fTI ' 1 ^»*^* of 
acrolein vapour weighs 28 criths, BoiU at 52^*4. 

Preparation. — 1. By the action of phosphoric anhydride or 
of sulphuric acid on glycerin : — 

%^§: = 20H. + jg^^'H. 
CH,Ho ^ °"^ 

G-lyoerin. Water. Acroleio. 

2. By the oxidation of allylic alcohol : — 

fCMe"H , n - JCMe"H . ^tt 
CH,Ho + " - JCOH + "^«- 

Allylio Acrolein. Water. 

aloohoL 



BENZOIC ALDEHYDE. Ill 

8 By the action of heat on the product of the union of ace- 
tone with bromine : — 

tCH3 + -^"^^ - lCH,Ho • 

Acetone. 

fCMeBr, _ fCMe"H , „^j.^ 

Aorolein. Hydrobromic 

acid. 

jReaetion. — By oxidation, acrolein yields acrylic acid : — 

rCMe"H _. n - JCMe"H 
\COH + ^ - jCOHo • 

Acrolein. Acrylic acid. 



C. .UjDERTBJES DJERIVED from the CA^.yHo 

ALCOHOLS, 



Boiling- 
point. 



Benzoic aldehyde | qJ^ . . . 180°. 

Cuminic aldehyde | ^^^ • • . 229°-4. 



BENZOIC ALDEHYDE, Oil of Bitter Almonds, HyMde of 

Benzoyl, 

tCOH- 

Molecular weight =106. Molecular volume QQ. 1 litre of 
benzoic aldehyde vapour weighs 53 criths. Sp, gr. 1'043. 
Boih at ISQP. 

Preparation, — 1. By the oxidation of amygdalin by nitric 
acid, and by the action of a mixture of manganic oxide and sul- 
phuric acid on albumen, fibrin, casein, and gelatin. 

2. By digesting bitter almonds with water for five or six 
hours at 30°-40°. The synaptase present acts as a ferment on 
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theamygdaliii, converting it into glucose, benzoic aldehyde, and 
hydrocyanic acid : — 

C^E,,NO„ + 20H, = I g«°^ + N CH + 2C.H.,0.. 

AmygdaUn. Water. Benxoio Hjdrocvaiuo Glnoose. 

aldehjrde. ado. 

3. By digesting together plumbic nitrate, water, and benzylic 
chloride (chlorotoluol), benzoic aldehyde is formed: — 

Benz^lio Flombio Kitroui Water. Plombio Bemoio 

chloride. nitrate. anhydride. chloride. aldehyde. 

The benzylic chloride is prepared by passing chlorine into 
the vapour of boiling toluol. 

Reactions, — 1. When exposed to the air, benzoic aldehyde 
absorbs oxygen and is converted into benzoic acid : — 

t COH + ^ - I ooHo- 

Benzoic aldehyde. Benzoic acid. 

2. Heated with solid potassic hydrate, it gives hydrogen and 
potassic benzoate : — 

{C'OH + KHo = [%§^^ + H,. 

Benzoic Potassic Potassic 

aldehyde. hydrate. benzoate. 



CHAPTER XVI. 



THE ACIDS. 



The acids form the most numerous family of organic com- 
pounds. 

Many of them are contained in plants in the free state, or 
in combination as metallic or ethereal salts. 
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Others are produced by the action of chemical agents on 
various organic substances. 

Some are formed in the animal organism, as, for instance, 
formic, paralactic, oleic, and stearic acids. 

The organic acids are divided into three great classes, accord' 
ing to their basicity : — 

1. Monobasic acids. 

2. Dibasic acids. 
8. Tribasic acids. 

The basicity of organic acids is determined by the following 
simple law: — an organic acid containing n semimolecules of 
oxatyl is n-basic. 

MONOBMIQ ACIDS. 

The monobasic acids, which always contain a single semi- 
molecule of oxatyl (COHo), include the six following series : — 

General fonntilae. 

{C IT 

2. Acrylic or oleic series { g(j^^2j'(C«H2^i)^ 

3. Lactic series | Cg^H2„+i)(C,H2^x)Ho 

4. Pyruvic series { COHo"^'"'^'^- 

6. GlyoxyUc series { COH?'""^''^^'''" 

{C H 

The 1st, 2nd, 3rd, 5th, and 6th of these series maybe regarded 
as the derivatives jBpom corresponding series of alcohols. 

1. The Acetic series from the Methyl series of alcohols. 

2. „ Acrylic „ „ Vinyl „ 

3. „ Lactic „ „ Glycol „ 
6. „ Glyoxylic „ „ Glycerin „ 
6. „ Benzoic „ „ Phenyl „ „ 

VOL. n. I 



99 
99 

99 
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The acids of the first, second, fourth, and 9ixtb semes are 
termed monohydric as well as monobasic ; whilst the acids of 
the third series are termed Hhydrio and monobasic, indicating 
their origin from the.dihydric alcohols, and that they contain 
twe semimolecules of hydroxyl, one of which is in the oxatyl 
or negative part, and the other in the positive part of the mole- 
cule. The hydrogen of the latter hydroxyl may be displaced 
by highly positive metals, in the same manner as the hydrogen of 
the hydroxyl in alcohols ; but it cannot be displaced by double 
decomposition with bases, in the same manner as the hydrogen 
in the oxaiyl may be substituted. 

The acids of the fifth series are termed trihydric and mono- 
basic, indicating that they are derived from the trihydric alco- 
hols, and that they contain, besides the hydroxyl in the oxatyl, 
two other semimolecules of hydroxyl in the positive part of 
the molecule. 



1. AOJETIO OB FATTY SJEBIUS OF ACIDS. 

{C H 
COHo • 

These acids may be conveniently arranged under three divi- 
sions, viz. : — 

A. Normal acids. 

General formula. . . | c^^"^'^^'- 

B. Secondary acids. 

General formula . . . | qoh?'"'*"'^'^- 

C. Tertiary acids. 

General formula... { ^jj^?*"*"'^'- 



NORMAL EATTY ACIDS. 
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A. NOBMAL 40IDS OF TEE AOJETIO OB FATTX 

SEBiM 

General formula. . . | cOH?*^'^^'' 

In fonnic acid, which is generally considered to be the first 
term of this division, the radical C(CnIl2„+i)Il2 is replaced by 
H ; and in acetic acid the value of ^==0. In reference to the 
following list of normal fatty acids, it must be borne in mind 
that the normal character has not been established in the case 
of those members which possess a higher molecular weight 

than osnanthylic aoid : — 

■■ 

Faidng BoiUng- 
point. pointT 



Formic add . 



/H 



IcOHo ••■ +!'• lOO*- 

Propionic add ... { g^J^ or { g(CH.)H, _ 



BnlTricadd { ggS or { ggg')^ 

fCPrH, fO(CH,)H, 



below 
-20P. 



Valeric add 



Isopropaceticadd{gg5?«o.{g(f£«»^)^» 

CEnanthyUc acid { g^^^. „^ | g(C^HJH, 
CapryUcacid ••. (ggS' orjggi^JH. 



141* 



1611 



176?. 



175°. 



+6°. 198». 



212'». 



.., +14". 236°. 



Pelapgpnic j»dd {oOH?"^^'"' ^^^^ ^^• 



i2 
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Fnging- 
point. 



Oapricacid {°oS?"^^ 2^2(30"). 

Laurie acid joOH?"^^' *^°"^- 

Myristicacid {cok?"^^' ^^°'^' 

Palmitic acid {cOH?"^^ ®^°- 

Margaricacid (cSS?'^^' ^^"^^ 



69''-2. 



Stearic acid (cc&?"^'^ 

Arachidic acid jccm?''^^ "^^"^ 

Behenicacid {o(?S?"^^' '^°- 

Hyoenasic acid {cSSS?"^"^' '^^ 

Ceroticacid jcOH?"^^' ^^°' 

Melissicacid jooS?"^'^ ^^° 

Occtirrencc^^The greater number of the acids of this series 
are met with already formed in nature, some in the free state, as 
formic acid in ants and nettles, valeric acid in the valerian 
root, pelargonic acid in the essential oil of the Pelargonium 
roseum, and cerotic acid in bee's-wax. 

Others are met with as the ethereal salts of monohydric 
alcohols. Thus spermaceti is cetylic palmitate, and Chinese wax 
cerylic cerotate. 

A large number exist as natural fats in the form of the 
ethereal salts of glycerin : this is the case with butyric, pal- 
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mitic, and stearic acids, which, united with glycerin, form 
respectively butyrin, palmitin, and stearin. 

Formation. — 1. By the oxidation of the normal alcohols of 
the methyl series, as in the conversion of alcohol into acetic 
acid by heating it with a solution of chromic acid : — 



•c5:ho + o» - 


{cOTTo + °^- 


AloohoL 


Aoetio Water, 
add. 



2. By the action of alkalies or acids upon the nitriles or 
abnormal cyanides of the CnH2^i series of radicals : — 

{gf,?-+> + KHo + OH, = {g-^' + NH,; 

Nitrile. Potamio Water. Fotassio Ammonia. 

hydrate. salt. 

and 
(c^"""^' + HCl + 20H, = {SoH^ + "^^^^l- 

ITitrile, Hydroohlorio Water. Aoid. Ammonio 

acid. chloride. 

Instances of these reactions are seen in the treatment of 
ethylic nitrile by a boiling solution of potassic hydrate, when 
it is conyerted into potassic propionate, ammonia being evolved, 
thus — 

{^^ ^ KHo 4- OH, = {g^g» + NH,; 

Ethylio Fotassio Water. Fotassio Ammonia. 

nitrile. hydrate. propionate. 

and in the conversion of ethylic nitrile, by the action of hydro- 
chloric acid, into ammonic chloride and propionic acid — 

[^^ + HCl + 20H, = {g^|J» + NH.Cl. 

Eth^jrlio Hydrochloric Water. Propionic Ammonio 

nitnle. acid. acid. chloride. 
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3. By the action of the potassium ot sodiiini compotmds of 
the CnHjj^H-i radicals tipon earVonit^ anhydride 



CO, 


+ 


C^,^i1S& 


= 


, OONao' 


Carbonic 
anhydride. 




Sodium 
oompound. 




Sodic 
salt 



as, for example, in the fonnatioh of sodic propibiiilte hy the 
absorption of carbonic anhydride by sodic ethide :-^ 

CO, + CMeH,Na = {%^^. 

Carbonio Bodioefliide. Sbdio 

anhydride. propionate. 

^ By the oxidation of aldehydes— 

COH + ^ - tOOHo' 

Aldehyde. Add. 

as in the conversion of acetic aldehyde into acetic add by 
ihe absorption of atmospheric oxygen : — 

\COH + " - \OOHo- 

Aoetio Aoetio 

aldehyde. acid. 

Besides these reactions of general application, th^re are 
numerous special methods for the production of certaiii iiiemi> 
bers of this series. In most of these methods, however, the 
retUitions cannot be clearly traced. 

Thus, by the oxidation of albumen, fibrin, casein, and other 
similar substances, there are produced formic, acetic, propi- 
onic, butyric, valeric, and caproic acids. 

Propionic and butyric acids are produced in some kinds of 
fermentation ; and acetic acid is obtained by the destructive 
distillation of wood and other similar substances. 
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Belations of the Normal Fatty Acids to the C}t'H.2^i Series (^ 

JRadicals. 

1. When these acids are submitted to the action of nascent 
oxygen evolved by electrolysis, the negative radical oiatyl is 
converted into carbonic anhydride and water, the positive 
radical being set at liberty : — 



^toOHo + ^ - Ic 



Add. 





+ 2C0, + 


OH,. 


Positive 


Carbonic 


Water. 


radical. 


anhydride. 





On electrolyzing a solution of potassic valerate, hydric po- 
tassic carbonate and the normal radical butyl are formed : — 

2{c&o + 0^> + = {oIh; + 2COHoKo. 

' Potaamo Water. Butyl Hjdrio potasaio 

Tftlerate. carbonate. 

2. When the ammonic salts of these acids are heated ydth 
phosphoric anhydride, they are converted into the nitriles or 
abnormal cyanides of the radicals of the CnHg^i series — 

{cfe.O) + 2PA = {g"^^' + 4PO3H0. 

Ainmonio salt Phosphoric Nitrile. Metaphosphorio 

anhydride. acid. 

as in the transformation of ammonic acetate into methylic 
nitrile by distillation with phosphoric anhydride : — 

{ 



co(Vh,o) 


+ 2P,0. = 


■ ^^?,. + 4PO,Ho. 


Ammonio 


Phosphoric 


Ifethylio Ifetaphosphoric 
nitrile. acid. 


acetate. 


anhydride. 



These abnormal cyanides are converted into monohydric 
alcohols by Mendius's reaction (see p. 55). 

From the alcohols so obtained, the CJELzt^i radicals are iso- 
lated as described at page 53. 
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JRelationa of the Normal Fatty Acids to the C^Hj^iHo Series of 

Alcohols, 

1. By oxidation the normal alcohols yield these acids, as 
above shown. 

2. Conversely, the normal fatty acids can be converted into 
the CnHa^+iHo alcohols, — 

. Ist, by Mendius's reaction (see p. 55); 
2nd, by Piria and Wurtz's reactions, viz. : — 
Distillation of the potassic salt of the fatty acid with an 

equivalent quantity of potassic formate, by which the acid is 

converted into the aldehyde, 

COKo + jCOKo - JCOH ^ CUKo,, 

Fotassio. Potassic Aldehyde^ Fotassio 

salt. formate. carbonate. 

and subsequent treatment of the aldehyde by nascent hy- 
drogen, 

tCOH + II2 - |cH,Ho- 

Aldehyde. Normal 

alcohol. 

3. By the action of sodium amalgam upon a mixture of the 
acid and chloracid : — 



3 



( 



COHo 


+ 


{o^r + 2Na, = 


** 1 OONao 


Acid. 




Chloracid. 


Sodiosalt 




+ 


[%i^^ + NaCl. 





Alcohol. 



The anhydride of the acid is also formed and converted, by 
the nascent hydrogen evolved by the action of the sodium upon 
the acid, into alcohol. 
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BeloHons qfthe Normal I\xtty Acids to each otJier, Ascent of 

the Series, 

If the hydrogen constituting the positive part of formic acid 
were substituted successively by methyl, ethyl, &c., the whole 
series of normal fatty acids would be obtained : — 

Formic acid.... {JqHo' 

Acetic acid \ qqtx . 



{C TT 
COHo* 

Butyric acid "--{c'oKo' 



This substitution has not yet been accomplished; but an 
analogous series of reactions has been effected with acetic acid. 

By the action of sodium on acetic ether, one of the hydrogen 
atoms in the positive part of the compound becomes substituted 
by sodium, producing 

Monosodacetic ether j COEt*' 

By acting on this body with the iodides of the C»H2,^.i radi- 
cals, ethylic salts of the higher acids are produced. 

On submitting monosodacetic ether to the action of ethylic 
iodide, for instance, butyric ether is produced — 

tCOEto + ^""^'^ - toOEto ^ ^^' 

Honofiodacetio Eth^Iio Butyrio Sodio 

eUier. iodide. ether. iodide. 



FOBUIC ACID. 

{ COHo °* °H0^°- 

Molecular weight =46. Molecular volume rTI ' 1 litre of 
formic acid vapour weighs 23 criths, Sp,gr, of liquid 1'2353. 
Fuses at TG. JBoik at IW C, 
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Occurrence. — If red ants be made to pass over blue litmus- 
paper and be at tlie same time irritated, they leave a red streak 
behind them, produced by the formic acid which they eject. 
By placing the hand on an ant-hiU, a tingling sensation is felt 
from the same cause, and the hand acquires the powerful and 
pleasant odour of formic acid. 

Pormic acid also occurs in the hairs of certain caterpillars 
and in the sting of nettles. 

Formation. — 1. Formic acid is produced in a very large ntim- 
ber of chemical reactions, as in the oxidation of many organic 
bodies (such as starch, woody fibre, or tartaric acid) by a 
mixture of sulphuric acid and manganic oxide, or by potassic 
hydrate or chromic acid. 

2, By the action of potassic hydrate on chloroform, potassic 
formate is generated : — 

OHCI3 + 4KHo = OHOKo + SfcCl + 2bH,. 

CMotofbrfJDL Fotassio Potassic l^otassio Water. 

hydrate. formate. chloride. 

3. By the oxidation of methylic alcohol : — 



( 



CH,Ho 


+ 


0, = 


H 
■ COFo 


+ OH,. 


Methjlio 
alcohol. 






Formic 
acid. 


Water. 



4t. By heating equal weights of dry oxalic acid and glycerin 
together to 75^ C, when the oxalic acid splits into formic acid 
and carbonic anhydride ; — 



COHo _ 
COHo - 


t COHo 


+ CO,. 


Oxalic 


Formic 


Carbonic 


acid. 


acid. 


anhydride. 



5. By digesting together at 100°, for forty-eight hours, 
potassic hydrate and carbonic oxide : — 

KHo + CO = {goK„. 

Potassic Carbonic Fotassio 

hydrate. oxide, rannat#. 
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6. ij^drmio acid is produced in small quantities by digesting 
carbon witb permanganic acid. 

Formic acid from any of these sources is obtaiilbd in the 
eoneentrated state by decomposing plumbic formate with sul- 
phuretted hydrogen, and afterwards rectifying the acid over 
pimnbic formate : — 

• gggpbo" +. SH, « 2{go3. + PbS". 

Plombio Sulphuretted Formio Flmnbio 

formafee. hydrc^en. aoi4> sulphide. 

Character, — When heated with concentrated sulphuric acid, 
formic acid splits into water and carbonic oxide : — 

(cOHo = CO + OH,. 

Formio Carbonio Water. 

- add. oxide. 

Chlorine converta formic acid into hydrochloric acid and car* 
bonic anhydride :— 

{cOHo + CI. = 2HC1 + CO.. 

Pormio Hydroohlorio Carbonio 

add. add. anhydride. 

When heated with excess of mercuric oxide, it is converted 
into carbonic anhydride and water, the mercury being reduced 
to the metallic state : — 

(cOHo + HsO = CO, + Hg + OH,. 

Formic ICeroorio Carbonio Water, 

add. oxide. anhydride. 



ACETIC ACID. 

t COHo • 

Molecular wetght =60. Moleeular volume I I I . 1 Hire qf 
acetic acid vc^ottr weighs 30 eriiha. Sp. gr, of Uguid 1*064. 
Mue$ at + 17°. BoiU at ll?". 
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Occurrence. — Pound in small quantities in the juices of 
plants and in animal fluids. 

Mcmufactu/re. — 1. By the destructive distillation of wood, 
a liquid is obtained which contains acetic acid; the acid is 
purified by being converted flrst into a calcic, and then into a 
sodic salt, the latter being afterwards decomposed by sulphurio 
acid. 

2. By the oxidation of ethylic alcohol : — 



JCH3 
t CH,Ho 

Ethvlio 
alcohol. 



+ o, = 



/OF, 
tCOHo 

Acetio 
acid. 



+ OK. 



2' 

Water. 



^Preparation. — Pure acetic acid may be obtained by distilling 
potassic diacetate : — 

fCH, fCH, _ fCH, fCH, 

\COKo' tOOHo ~ tCOKo + \OOHo' 

Fotassie diacetate. Potassic Acetio 

acetate. acid. 

Character, — Chlorine acts on acetic acid in sunlight, pro- 
ducing three chlorinated acids, in which chlorine is substituted 
for hydrogen : — 



/OH, 
tOOHo + 

Acetic 
acid. 

/OH,Cl , 
jCOHo "•" 

Honochloracctic 
acid. 

fCHCl, 
jCOHo + 

Dichloracetio 
acid. 



ci. 



Cl„ = 



= {colg + ^^- 

Monochloracetio Hydrochloric 
acid. acid. 



Dichloracetic 
acid. 



Hydrochloric 
acid. 



ci. = 



{co5ao + Ha 



Trichloracetio 
acid. 



Hydrochloric 
add. 



The salts of acetic acid in which the hydrogen of the oxatyl 
is replaced by monad metals have the general formula 

/OH, 
tOOMo- 
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The acetates of the djad metals have the constitution repre- 
sented by the following general formula : — 

8 

By the action of phosphorous chloride, acetic acid yields 
acetylic chloride : — 

3(c&io + PCI, -3{gg5i + POHHo, 

Aoetio PhoBphorons Aoet^lio Phosphorous 

acid. chloride. chloride. acid. 



PROPIONIC ACID, Meihacetic Acid. 

f CMeH, 
jCOHo • 

Molecular weiglit =74. Molecular volume I I L 1 litre of pro- 
pionic acid vapour weighs 37 criihs. Boils at 141^ 

Preparation. — 1. By the oxidation of metacetone — a liquid 
obtained by the distillation of a mixture of sugar and lime. 

2. By the action of concentrated solution of potassic hydrate 
on sugar. 

3. By the fermentation of glycerin, and also of sugar, by 
means of putrid cheese in the presence of calcic carbonate. 

4. By the action of potassic hydrate or hydrochloric acid on 
abnormal ethylic cyanide (see p. 117). 

5. By the action of carbonic anhydride on sodic ethide 
(see p. 118). 

6. By the action of hydriodic acid on lactic acid : — 

fCMeHHo . oTTT ^ fCMeH, nir jl t 

Laotio Hydriodic Propionic Water, 

add. acid. acid. 
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BTTTTBIC ACID, Mhaeettc Acid. 

JCEtH, 
I COHo • 

Molecular toei^ht =88. Molecular volume I I L 1 litre of 

butyric acid vapour weighs 4^ critJis, 8p, gr. of liquid 

0-9886. Fuses helow —20°. JBoils at 161° C. 

, • Occurrence. — In butter, juice of flesh, perspiration, and many 

animal secretions. 

Preparation. — 1. By tbe fermentation of sugar with putrid 

cheese. 

2. By the action of ethylic iodide on sodacetic ether (for 

reaction, see page 121). 

YALEBIC ACID, Valerianic Acid. 

f CPrH^ 
ICOHo- 

Molecular weight =102. Molecular volume rn « 1 lH^e of 
valeric acid vapour weiglis 51 criths. 8p. gr. of liquid 
0-937. JBoils at 175°. 

Occurrence. — In many plants, as in the roots of valerian and 
angelica. 

Preparation. — By the oxidation of amylic alcohol with a mix- 
ture of sulphi^ric acid and dipotassic dichromate : — 

Amvlio Talerio Water. 

aloonoL add. 

Iiimerie forma. — There are four possible isomers of valeric 
acid: — 

Normal valeric acid or f OPrH, f CH,(CH,[OH,(CH,)]) 

propacetic acid t COHo ""^jCOHo 

H H H H 

H— C— C— C— i— C— ;— C= 






ISOMERS OJ VALERIC ACID. 
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iBopropacetxc acid ...{%^lf' «' {ooS.^^^^^*^* 



H 
I 

H-rO— H 



H 



-i 



H— C— H 

k 



I 
— C— 



— c=o 

A 

.1 
H 



Methethaceticacid... (ggtMeH ^^ | CHgIH.)[CH,(CH.)] 



H H 

ii 



H— C— H 

I 



-C- 

i 



c=o 



A 

i 



Trunethacetic acid ...{g^§„ or .{%^^\ 



H 



-L 



H 



H 






•C 



c=o 



A 



H— C— H H 



i 



Of these, tlie norma), the isopropacetic, asd the trimetha- 
cetic acid are known. 
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B. ^JEOONDABY FATTT ACIDS. 

General formula... { coHo*"^'^'^- 

formation, — 1. By the action of the iodides of the C„H2„+i 
radicals on disodacetic ether, the ethereal salts of these acids 
are produced. 

2. By the action of a boiling solution of caustic potash upon 
the nitriles or abnormal cyanides of the secondary radicals. 



DUffETHACETIC ACID, or Isolutyric Add. 

J CMe,H 
t COHo • 

Molecular weight =88. Molecular volume QD- 1 ^^^^ of 
dimethacetic acid vapour weiglis 4A criths. BoiU at 152°. 
Isomeric with hutyric or ethacetic acid. 

^Preparation. — 1. As a potassic salt, by the action of methylic 
iodide on disodacetic ether and the subsequent decomposition, by 
alcoholic solution of potash, of the ethereal salt so formed : — 

f ONa,H , nT^^T _ f CMe,H , oat t 
icOEto + 2^^^ = ICOEto + ^^^^- 

Disodacetic Methylio Dimetiiacetio Sodio 

ether. iodide. ether. iodide. 

Dimethacetio Potaflsio FStassio Alcohol, 

ether. hydrate. dimethacetate. 

2. By boiling isopropylic nitrile with solution of caustic 
potash : — 

{%^%^ -V Mo + OH, - {g^^H ^ ^^ 

Isopropylic nitrile. Fotassio dimethacetate. Ammonia* 
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Beaetion, — By a hot solution of chromic acid dimethacetic 
acid is decomposed into carbonic anhydride and acetic acid : — 

{O0§? + 30. = 2C0. + 20H, + {ggfa„. 

Pimethaoetio aoid. Aoetio add. 

Acetone is sometimes formed as an intermediate product. 

{C!Eit H . . 

COHo' ^^^^^^ "^^^^ caproic acid, and 

dtamylacetic acid, \ noHo ' ^^^^^^ ^^ lauric acid, have been 

prepared by the substitution of ethylic and amylic iodides in 
the above reaction. 

C. TEBTIABT FATTT ACIDS. 

General formula... { COH^'"'*"'^'- 

Ihrmation, — As ethereal salts, by the action of the iodides 
of the C^^in^i radicals on trisodacetic ether. 

TEIMETHACETIC ACID. 

fOMe, 
\ COHo- 

Molecular weight =102. Molecular volume QU' 1 l^^^ ^f 
trimethacetic acid vapour weiffhs'^Sl criths. Isomeric with 
valeric acid, 

Por the graphic formula of trimethacetic acid see p. 127. 
Preparation, — ^As an ethereal salt, by the action of methylic 
iodide on trisodacetic ether : — 

\COEto + ^^^^ jCOEto ^ '^^^^' 

Trisodaoetio Methylic Trimethacetio Bodio 

etiier. iodide. ether. iodide. 
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CHAPTER XVII. 

THE ACIDS. 

2. AOBTLIO OB OLEIC SERIES OF ACIDS. 

General formula of normal and f 0(C«Hft,)"(CmB.a,Mi.i) 
secondary acids I COHo 

This series is divided into normal, secondary, and define 
acids. In the normal acids ms=0 ; in the secondary it must be 
a positive integer. 

Most of the normal acids exist as ethereal salts of glycerin in 
natural fats and oils. 

The following is a list of the acrylic series of acids : — 

A. NORMAL ACIDS, 

Acryhcacid | qq^-^ ^^tCOHo^ • 

Crotonicacid j^^^^ or jcbHo ' 

Angehcacid [qo^o ^^ {cOHo • 

-D ^ ,. .J fCBu"H fC(CA)"H 

Pyroterebic acid j ^^jj^ or |c6±o ' 

Damaluric acid C^HijOj. 

Bamolic acid ^x^iJ^tt 

Moringic acid 1 BLO 

Cimicic acid J ^* 

Phy setoleic acid "j 

HypogsBic acid I C^^fi^. 

Q-aadic acid J 

Oleicacid , (c^%?^"^- 

Elaidicacid C^H^O,. 

Doeglic acid C^^EL^O^. 

Brassic acid. (Erucic ] n it n 

acid) I ^'^""'- 
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B. SUCOJSTDABT ACIDS. 

-e^-i-a {^S'' «' {S?^"<"°''- 

M,.l,.cr..»i..«l ...... (gg™* .r {ggiy«^. 

m;lcp*«u.«nd {gg'^f or ( gi,'^'>"«'"^>. 

C. OLEFINS AOTDS. 

fCMe"H fC(CHJ'H 

(i Crotonicacid \ CH. or \ CH„ 

[COHo [COHo 

Formation of Normal Acids, — 1. By the oxidation of tKe 
alcohols of the vinyl or CnH2»,-iHo series : — 

fC(C„Ha,y'H i {\ _ rC(C„H2„)"H QTT 

tCH^Ho + ^2 - I COHo ^^»- 

AlcohoL Acid. Water. 

2. By the oxidation of the aldehydes of the acrolein or 

C(C,Ha.)"H 

COH series: — 

tCOH + u - I COHo 

Aldehyde. Add. 

FbrmaHon of Secondary Acids, — By the action of phosphorous 
chloride, phosphoric chloride, phosphoric oxytrichloride or 
phosphoric anhydride upon the ethereal salts of secondary 
acids of the lactic series, the elements of water are removed 
and the ethereal salts of the acrylic secondary division of acids 
produced : — 

Ethereal talt of Phosphorotis Ethereal salt of 

ihe lactic series. chloride* the acrylic series. 

+ POHHo, + 3HC1. 

Phosphorous Hydrochloric 

acid. acid. 

k2 



( 
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Formation of Olefine Acids, — By the action of potassic 

hydrate upon the nitriles or abnormal cyanides of the C„H2«-i 

family of radicals : — 

' CMe'H f OMe"H 

CH, + KHo + OH, = ^ CH, + NH,. 



ON'" 

Allylic niferile. 



Fotassio 
hydrate. 



Water. 



ICOKo 

Fotassio 
/3 orotonate. 



Ammonia. 



Belations of the Acrylic to the Acetic Series of Acids, 

The normal and secondary acids of the acrylic series, when 
treated with fused potassic hydrate, yield the potassic salts 
of two normal acids of the acetic series : — 

COHo 



+ 2KHo = 



Acid of the acrylic series. 



Fotassio 
hydrate. 



COKo 

Fotassio salt of acid 
of the acetic series. . 



+ 



f 0(C„^2H2»_3)Ha 

tCOKo 

Fotassic salt of add 
of the acetic series. 



+ 



H, 



All the members of the acrylic series found in nature give 
acetic acid as one of the acids produced in this reaction. 
From this and other considerations, it is believed that their 
positive radicals all contain one atom of hydrogen and a dyad 
radical. They are normal acids ; and by the action of fused 
potassic hydrate the dyad radical becomes substituted by two 
atoms of hydrogen. Thus : — 



f OMe"H 
tCOHo 

Acrylic acid. 

f OEt"H 
tOOHo 

Crotonic 
acid. 

f OPr"H 
ICOHo 

Angelic 
acid. 



+ 2KHo 

Fotassic 
hydrate. 

+ 2KHo 

Fotassic 
hydrate. 



COKo + t COKo + "«• 



Fotassic 
acetate. 



J OH, 
tOOKo 

Potassic 
acetate. 

fCH 



Fotassic 
formate. 

+ { coko 

Fotassic 
acetate. 

f CMett 



+ H,. 



+ 2KHo - I g-fc^ + I ^Q^-' + H, 



Fotassic 
hydrate. 



Fotassio 
acetate. 



Fotassic 
IHTopionate. 
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Some of the secondary acids also give acetic acid when treated 
with fused potassic hydrate ; but this can only happen when 
the dyad radical is ethylene, thus : — 



+ H,. 



f CMe"Me . oTrxTn - / ^^^^, . / ^ 

1 OOHo + 2^^^ - t COKo •*■ I COKo 

Methaerjiio Fotassio Fotassio Fotassio 

add. hydrate. propionate. formate. 

r CEfc"Me , „Tj-„„ _ f CMeH, , f CH, . „ 

t COHo + 2^^** - I COKo + 1 Coko + ^- 

MethjlCTO- Fotassio Fotassio Fotassio 

tonic add. hydrate. propionate. aoetate. 

toOHo + ^^^° =\COKo +lcoko + ^«- 

Ethylcro" Fotassio Fotassio Fotassio 

tonic add. hydrate. batyrate. acetate. 



ACBTUC ACID. 

f CMe'-H 
tOOHo • 

Molecular weight =72. Boils at about 100°. 

Preparation. — By tlie oxidation of acrolein with argentic 
oxide : — 

|OOH + O^S, = I COHo + ^^^' 

Acrolein. Argentic oxide. Acrylic add. 

Seactions, — 1. Acrylic acid, under the influence of nascent 
hydrogen, produces propionic acid : — 

rCMe"H . TT _ JCMeH, 
t COHo "*■ -^2 - I COHo • 

Acrylic add. Fropionio 

add. 

2. Acrylic acid also combines directly with bromine, pro- 
ducing dibromopropionic acid. 
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OLEIC A.CID. 



{ 



C(C,H3,)"H 
COHo. 



Preparation, — Obtained in the purification of stearic acii 
Seaction. — ^Heated with potassic hydrate, it gives potassic 
acetate and palmitate : — 

Oleic acid. Potassic Potassic Potassic palmitate. 

hydrate. acetate. 



CHAPTER XVIII. 

THE ACIDS. 

3. LACTIG SERIES OF AOIDS. 
General formula of normal and secondary acids : — 

jCOHo 

In the normal acids m in this formula s=0; but in the secon- 
dary acids it must be a positive integer. 

The members of the lactic series may be defined as acids 
containing one semimolecule of oxatyl, the fourth bond of the 
carbon of which is united with the carbon of a positive group 
containing one semimolecule of hydroxyl, or of the peroxide 
of a monad organic radical either positive or negative. The 
following examples will serve to illustrate this definition : — 
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H 

A 



H I 

tt— c-l— c— k 



i 



I 



I 

c=o 



H 



Laotio add. 



H— 



H 
C— H 



A 



H 



H 



-i- 



H 



— C— H 



u 





I 
H 

Methyl-lactic 
acid. 



H— 



H 



H— C- 



H 



H 
A-H 

U 



I 

o 



— C— H 



C=0 



O 

I 
H 

Aceto-lactio 
add. 



The acids of this series at present known, or which could 
be obtained by obvious processes, are classified into the fol- 
lowing eight diYisions : — 

1. Normal Acids. 

2. Etheric Normal Acids. 

3. Secondary Acids. 

4. Etheric Secondary Acids. 

5. Normal define Acids. 

6. Etheric Normal define Acids. 

7. Secondary define Acids. 

8. Etheric Secondary define Acids. 

Ist. Normal Acids, — A normal acid of the lactic series may 
be defined as one in w^ich an atom of carbon is united with 
oxatyl, hydroxyl, and at least one atom of hydrogen. The 
general formula of these acids is therefore 

fcinHo 

tCOHo • 
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In this formula B may be either hydrogen or any monad 
positive organic radical. The number of acids possessing 
the same atomic weight, and belonging to this division, is 
determined by the number of isomeric modifications of which 
the positive organic radical is susceptible. Thus, of the acids 
containing two, three, or four atoms of carbon, there can be 
only one of each belonging to this division, because these acids 
cannot contain a positive organic radical higher in the series 
than ethyl, and this radical is not susceptible of isomeric 
modification; but a normal acid containing propyl can have 
one isomer in this division, the two acids containing respec- 
tively propyl (CEtHj) and isopropyl (CMegH). For acids of 
this division containing normal positive organic radicals only, 
the following general graphic formula may be given : — 



H 

I 
H— 0— C— C 

I 



O 



I 
c 

I 

H 



H 



In 



H 

In the case of glycoUic acid n=0. 

The following are the acids at present known belonging to 
this division : — 

GlycoUic acid {oo£° 

1-tica.id jgMeHHo, 

Oxybutyric acid { gg*^°. 

Valerolactic acid {o^^° 

Leudc acid IcoS^" 

2nd. Eikeric Normal Acidt, — An etheric normal acid of the 
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lactic aeries is conBtitiited like a normal acid, but contains a 
monad organic radical, poaitive or negative, in tbe place of tho 
hydrogen of the non-oxatylie hydrosyl. The following is there- 
fore the general formula of these acida : in the graphic formula 
», aa before, may =0. 



I 



[CKHEO 
\COHo ■ 



The numher of poaaible isomers belonging to this division is 
very great ; for, in addition to those of which the normal acida 
containing E of the same value are susceptible, a host of others 

naust result from the complementary variation of E and S. 
The lowest member of the division, methylglycollic acid (iso. 
meric with lactic acid), is the only one incapable of isomeric 
modification. 

The following esamples wiU serve to illustrate the constitu- 
tion of the acids belonging to this division : — 



I 



Methylglycollic acid | qqtt. ■ 

aiji-kcticmd (oo™° 



Aceto-lactic acid . 



fCMeHAco* 
1 COHo 



3rd. Secondary Acidg. — A sccondaxy acid of the lactic series 
is one in which an atom of carbon ia united with oiatyl, hy- 
droiyl, and tmo gemiwolecules of a monad positive organic 
radical. The general formula of these acids is ; — 

• AoiJ=por(mdB of aoe^l, C^HjO^. 
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H 



tt 



i 



O 

I 

c 






,H;» 



i 

A 



=0 



I 
H 



H or 



t OOHo • 



) m 



In the graphic expression, the values of h and m may differ ; 
but both are positive integers, and neither may =0. In the 

symbolic formula K must be a monad positive organic radical. 
The following examples will serve to illustrate their constitu- 
tion: — 

Dimethoxalic acid \ noHo * 

Ethomethoxalic acid \ qqtt^ 

{CPi" TTn 
COHo ' 



The number of acids possessing the same atomic weight, and 
belonging to this division, is determined, first, by the comple- 
mentary variation of the two positive radicabj and, secondly, by 
the number of possible isomers of these radicals. The lowest 
two terms of the series are alone incapable of isomeric modi- 
fication by either of the causes mentioned. 

4th. JEJtheric Secondary Acids, — These acids stand in the 
same relation to the secondary as the etheric normal to the 
normal acids ; they consequently contain a monad organic 
radical in the place of the hydrogen of the non-oxatylic hy- 
droxyl. The following is therefore the general formula of 
these acids : — 
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H 



i 



fCE^o 
t COHo- 



m 



± 

E 

I 

m] o 

I I 

I I 

H „ C=0 H 

I 
O 

I 
H 

5th. formal Olefine Acids. — ^A normal define acid belonging 
to the lactic series is one in which the atom of carbon united 
with oxatyl is not combined with hydroxyl, and in whicb the 
atom of carbon united with hydroxjl is combined with, not less 
than one atom of hydrogen. The following are the general 
graphic and symbolic formulsB of the acids belonging to this 
division : — 



H— 0— C 

II 
O 



I 

H 



H 

C— O— H 



or 



n 



i 



f cShHo 
I COHo 



In botb these formulsB n must be a positive integer and 

cannot =0, but K may be either hydrogen or a monad positive 

organic radical. The olefines of these acids may belong either 

to the ethylene or ethylidene series. 

The following are the only acids at present known belonging 

to this division : — 

rCH,Ho 

Paralactic acid -l CH 

i COHo 

r CH,Ho 
Paraleucic acid < ipA «^''- 

The number of isomers in this division will obviously depend. 
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first, upon the complementary variations of K and {GH^n ; 

secondly, upon the isomeric modifications of wWch fi is sus- 
ceptible; and thirdly, upon the isomeric modifications of 

6th. Htheric Normal Olefitie Adds. — ^These acids only difier 
from the normal olefine acids in having the hydrogen of the 
non-oxatylic hydrozyl replaced by an organic monad radical, 
positive or negative ; their general formula is therefore, 



^H^ 



H-0— C 

|i 




c 

I 

H 



;» 



H + ± 

I + f CEHEo 

C— 0— E or UCHJ"., 
I [ OOHo 



As in the fifth division, n must be a positive integer and cannot 
=0, whilst K may be either hydrogen or a monad positive 

*T* 

organic radical; but !B must be a monad organic radical, 
either positive or negative. 

7th. Secondary Olefine Acids. — ^A secondary olefine add of 
this series is one in which the atom of carbon united with 
oxatyl is not combined with hydroxyl, and in which the atom 
of carbon united with hydroxyl is also combined with two 
monad positive organic radicals, as shown in the following 
formulas : — 

I f CE,Ho 

C— 0— H or < (CH,)",. 

I [ COHo 



H— 0-C 

II 
O 



I 
c 



In both of these formulse n must be a positive integer and 

cannot =0, and K must be a monad positive radical. 

8th. Utheric Secondary Olefine Acids, — These acids are 
related to the secondary olefine acids in the same way as the 
sixth division to the fifbh. No member of the seventh or eighth 
division has yet been formed. 
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Ibrmatiim of tie Normal Acid». — 1. By the oxidation of 
the glycols, or dibjdrie alcohols, 

■ tCH,Ho + "^ - |cOHo + "^^' 

2. By the oxidation of the C„H!„_|.,Ho alcohola :— 

OH,. 



3. Prom the fatty acids, by converting them first into chloro- 
Buhatitution acida, and then actmgupon these corapoimda with 
potasaic hydrate ; — 
fO(C.H„,)H, , ci - JC(C.H.,+,)HC1 jjCl- 

Faltf uid. Chloruf.tbj und. H;dr«hlpric 

rC(C.H^^OHCl ^jjo = I C{C,H=.+OHHo ^^,, 
\COHo + ^^^^ \COHo + ^^'■ 

ChlorotitCj ind. FoUhi'o KormHl add ofUie Fotuiio 

FormaHon of Secondary Acids. — By the action of the zinc 
compounds of tbe monad poaitive organic radicals upon ethylic 
oinlate, and the subsequent addition of water : — 

rCOEto , „- ,p^ , _ f C(C„Hs.,^0.(Zn"aH=„+.O) 
jcOEto + 2^"^'^"^''+'^^ - I COEto 

ElbTUo Zino compound of 

+ 2n(C,F^+,)Eto; 
1 O OEto + -^"^^ " t COEto 

^^Ht Water. Secondur aciiL 

I^P + 1^-^^' + ZnHo,. 

■i^^ Hydride of Zjti™ 

Formation of Olffine Acids. — By uniting a dyad poBitive or- 
nnic radical with carbonic osydicbloride {pho^ffene gaa) undei' 



ganicrad 
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"( 



gg» + OOCl, = 



the influence of stinlight, and sulsequenily acting upon the 
product with potassic hydrate :— 

f CH,C1 
. . tCH,(COCl)' 

Ethylene. Carbonio axydi- p Ghlorpropionylio 

chloride. ohloride. 

(Phosgene gas.) 

{ C^fcOCl) + 8KH0 = { gaZo) + 2m + OH,. 

/3 Ghlorpropionylio Fotassic rotassic Potassic Water, 

chloride. hydrate. paralaotate. ohloride. 



Melations of the Lactic to the Acetic Series of Adds. 

1. The transformation of the acetic or fatty into the nonnal 
lactic series of acids has been mentioned above (p. 141). 

2. The converse operation is effected with the normal and 
secondary acids of the lactic series by means of hydriodic 
acid : — 

f C(CnH2„+i)(C^H2n,4.i)H0 , oTTT_ J C(CnH2»+i)(C^H2„^l)H 

tCOHo ^"^^^■"\COHo 

Acid of lactic series. Hydriodic Acid of acetic series. 

add. 

+ OH, + I,. 

Water. 

If fn does not =0, the fatty acid will be a secondary one, 
like the member of the lactic series from which it is derived. 

Relations of the Lactic to the Acrylic Series of Adds, 

If the ethereal salts of the secondary acids of the lactic series 
be treated with phosphorous chloride, phosphoric chloride, 
phosphoric oxychloride, or phosphoric anhydride, the ethereal 
salts of the secondary acids of the acrylic series are produced : — 

q f C(C„H2»+i)(CwH2w+i)Ho , •jp, __Q J C(C„H2»,+i)(C«H2„,)" 
^iCOEto +*^^^3-^|COEot . 

Ethereal salt of lactic series. Phosphorous Ethereal salt of aoryUc series. 

chloride. 

+ POHHo, + 3HC1. 

Phosphorous Hydrochloric 

acid. acid. 

This reaction has not yet been accomplished with the normal 
acids of the lactic series. 
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'A- secQiidarj lactic acid minus OH^a an acrylic acid. The 
i^Y^rse of this operatiQn has not been performed. 

LACTIC ACID. 
JCMeHHo 

t ^oho • 

^. yr. of liquid 1'215. 

Occurrence. — ^In sour milk, Sauerkraut, fluids of muscular 
tissue, gastric juice, saliva of diabetic patients. In the acid 
liquor of starch-factories, in blood, urine, tears, bile, &c. It is 
also a general product of putrefactive fermentation. The acid 
contained in animal fluids Uparalactic acid (see p. 145). 

Preparation, — By fermenting sugar with putrid cheese. 

!For other processes, see pages 147 and 148. 

Its salts have the following general formulae : — ? 

f OMeHHo 
f CMeHHo 1 CO-Ot^,, 

1 COMo • / CO-O^ • 

1 CMeHHo 

Baits of monad metals. Salts of djad metals. 

Isomerism in the Lactic Series, 

The synthetical study of the acids of this series affords an 
insight into numerous and interesting cases of isomerism. 
Commencing with the lowest member of the series, we have 
for glycollic acid the formula 

H 



i 



I 

H— U— H 



i=0 

A 
I 

H 
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An inspection of this formula shows that glycollic acid 
admits of no isomeric modification, except with a total ^change 
of type. The part of the formula below the dotted line repre- 
sents oxatyl, which cannot be altered without sacrificing the 
acid character of the compound ; there remains therefore only 
the part of the formula above the dotted line, which admits of 
the following modification : — 

H 

H-C— H 



O 



I 
The acid represented by the formula so modified no longer 

comes within the definition of the lactic series. It is carbo- 

methylic acid, and differs essentially from glycollic acid and 

the lactic series in general, inasmuch as the carbon of its 

negative radical, oxatyl, is linked to the carbon of the positive 

radical by oxygen*. 

* Bearing this constitution of carbomethylio acid in mind, we hare only 
to go one step further in order to peroeire the constitution of carbonic acid 
itself, and the explanation of the anomalous basicity of this acid ; for if, in 
the aboTe graphic formula for carbomethylio add, we replace the methyl by 
hydrogen, we have : — 

H 



H— C-H H 

I 



A 



O 

=0 c=o 



o 



i 



I 

H H 

Carbomethylio acid. Carbonio add. 

It is thus evident that the radical oxatyl, when united with hydroxyl, has 
sufficient negative power to produce a feebly dibasic acid ; but inasmuch as 
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There being no decisive evidence that homolactio acid differa 
from glycollic acid, eiperiment and theory both agree in 
aaserting that the formula CjH,0^ represents only one acid in 
the lactic seriea. 

Proceeding now one step higher in this series, we have in 
the formula of lactic acid an cspreasion capable of the following 
three variations without quitting the lactic type ; — 

No. 1. Ifo. 2. No, 3. 

»H H H 

HO O H— C— H 

II I I 

H— c— c— n H— C— H o 

II i I 

H C=0 H— C— H H- 



i i 



Or, expressed Bynibolically : — 

No. 1. No. 2. No. 3. 

fCirenilo rCH,Ho ^Jn?'^'^ fCn,Meo 
\ COHo ■ _ \ CH.(COHo) ">' I ^g|j.^ ■ 1 COHo ' 

All the acida represented by the above formuhe are known. 
The firat eipressea the constitution of lactic acid, which 

belongs to the normal division ( J CRHHo j of the series, 

described at page 135 ; the second shows the atomic arrange- 
ment of paralactic acid ; whilst the third represents methyl- 
glyoollic acid. The proof that the first two of these acids are 
BO constituted ia afforded by the synthetic processes sometimes 

carbaniB add is not included in the cate^rj of orgniiiu saidi, it fomiB no 
exception to Uie law that an organic acid containing n ssmimoleculoa of 
oxntf 1 is n-baeic. 
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eonployed to produce them ; for ethylidenic cyanhydrate is con- 
verted by ebullition with potash into a salt of lactic acid^ 
whilst ethylenic cyanhydrate is transformed under similar cir- 
cumstances into paralactic acid. It has also been mentioned 
above, that paralactic acid is produced by the action of phos- 
gene gas upon ethylene. 'Now the formation of ethylidene, or 
rather of its compounds, scarcely leaves a doubt that this body, 
if isolated, would have the following atomic constitution : — 

H 



H-C— H or {*5^: 

it would consist of a semimolecule of methyl and an atom of 
hydrogen, both united with an atom of carbon two of the 
bonds of which satisfy each other. Thus the formation of 
ethylidene chloride from aldehyde and phosphoric chloride 
takes place as follows : — 

{cRb + PCI, = {gg»ci, + POCl" 

Aldehyde. Fhosphorio Ethylidenic Phoiphorio 

ohloride. cmoride. ozjtrichloride. 

the oxygen in the aldehyde being simply replaced by chlorine. 
There now only remains one possible formula for ethylene, viz. 

H 



I 
H 

Such, then, being the constitution of ethylidene and ethylene, 
it follows that the former ought to give rise to an acid of the 
constitution shown in formula "No. 1, whilst ethylene should 
produce an acid agreeing with formula "No. 2. The acids 
actually produced from these sources are lactic and paralactic 



A. n — i '-'J^'J^eu.ao . *„ 
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acids ; hencB No. 1 is the conatitutionaJ formula of lactic acid, 
and No. 2 that of paralactic acid — a conclusion which harmo- 
nizes perfectly with all the reactions in which the proiluctioa 
of these acids can he traced. Thus in the formation of lactic 
acid by the oiidation of propylic glycol, we have 

rCMeHHo 
tCH,Ho 

Again, in the production of this acid from etbylidenic cyan- 
hydrate, 

{ §OH.(CN"') +KHc + OH.= { gU-H^jpoK.) + "H, 

Etliilidenic FoUsais Wtter. FoUigic loctatt'. Amm^n^ii. 

cjruhjdnttj. hjdnt4i. 

The formuia given forpotaasic lactate in this equation is only 
apparently diiferent in type from that previously used for lactic 
acjdi since 

{oHH„(COK.) = OMeHHo(COK„) - (g™". 

In the reaction by which cbloropropionic acid ia traneformed 
into lactic acid we have the following change :— 

(g™C' + 2KH0 = {gS°° + «■' + °".- 

ChloFOprDpionio FolaBifo FutAbsio lactnle. PnbiBBic WaUr. 

MCid- 'hjdrlkLe. chloride. 

The production of lactamic acid {alanin), and that of lactic 
acid from the latter by the action of nitrous acid, are also 
clearly confirmatory of the above view. 

ImuDio HTdtDcTuiiiJ W>l«r. Bjiro- Lubuniu aai. Amindaia 

alddijdc viA, dAuria (■UdIs), chlgridc 

rOMeH(N"'HJ + NOHo = TOMeHHo , oH 4- N 

laciiBua Hid Sflmu Ijiutio nrid, Wot^r. 
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J^ot the least interesting reaction illustrative of the consti- 
tution of lactic acid is the formation of this acid by the action 
of nascent hydrogen upon pyruvic acid : — 

fCOMe ^ jr JCMeHHo 

jCOHo •*" ^^ - jCOHo • 

Pyravic add. Laotio aoid. 

In a similar manner it can be demonstrated that the above 
formula No. 2 expresses the constitution of paralactic acid, 
which belongs to the fifth or olefine division of these acids, 

fC^HHo fCEHHo 

t(CH,y;(COHo)^^|g^^£"- 

That paralactic acid possesses this constitution is proved, 
first, by its production from cyanhydric glycol — 

{Sh5V') + KHo + oh, = |o|^^° + NH,; 

Cyanhydrio iPotassio Water. Fotassio Ammonia, 

glycol. hydrate. paralaotate. 

secondly, by its formation from phosgene gas and ethylene 
(see p. 142) ; and thirdly, by its conversion into malonic acid by 
the oxidizing action of dipotassic dichromate :— r 

r CH,Ho f COHo 

CH, + O, = ^ CH, + OH,. 

COHo [ COHo 

Paralactic acftL Malonic acid. 

By the action of water upon the chloride of (i chlorpropionyl, 
a body of the composition of chloropropionic acid is obtained ; 
but inasmuch as this body yields paralactic acid by ebullition 
with potash, whilst chloropropionic acid gives under the same 
circumstances lactic acid, it follows that tbe former chloro-acid 
must be isomeric, and not identical, with the latter. Now 
although the formula of propionic acid does not admit of any 
isomer, yet that of chloropropionic acid does, as is seen in the 
following graphic formula? :— 
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H— C— H 
Cl-C— H 


II-C-H 

H-i— n 


A 


i 



A compariaon of these fonniilfB witfi those of lactic and para- 
lactic acids (p. 145) shows at a glance that No. 1 ia the 
chloropropionic acid which yields lactic acid, whilst No. 2 is 
iso-chloroprop ionic acid, which, by the Bubatitution of its 
chlorine by hydroxy], must yield paralactic acid. By the action 
of nascent hydrogen, both isomeric chlorides will obviously 
produce the same propionic acid. 

The cause of the isomerism of methyl-glyeollio acid (No, 3, 
p. 145) is 80 obviouB as to require no further explanation. 
Proceeding to the nest higher stage in the series, sueb is the 
rapid increase of isomeric forms, that we now encounter no leaa 
than eight possible isomers, all within the laetic family. 



; CEtHHo 
ICOHo ■ 



f CMe.ko 
iCOHo ■ 



J CH,Eto 
jCOHo • 



rCH^Ho 

ICH, ■ 
ICOHo 



rcH,iio 

i CMeH . 

ICOIIo 



fCMeHHo 
ICOHo 



CH3Ieo 

CH, 

COHo 



Of these arids, Nos. 1, 2, and 3 arc known. No. 1 is osy- 
butyric acid ; No. 2 ia dimcthoxalic acid, which is identical 
with acetonio acid. This being tlio caae, the formation of the 
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latter by the action of hydrocyanic and hydrochloric acids upon 
acetone is easily intelligible : — 

{ C&e + ''CH + 20H, + HCl = ( g^^f « + NH,a 

Acetone. Hydrooyanio Water. Hydro- Aoetonieor 

ado. ojtiloric add. dimethozalic aoid. 

The third of the above fonnulae is that of ethyl-glycollic acid. 

Of the possible acids containing five atoms of carbon, only 
two, viz. ethomethoxalic acid and valerqlactic acid, are known. 
The cause of the isomerism of these two a^ids is seen at once 
from an inspection of their constitutional formulae : — 

EthomethoxaHc acid | §oH^®^^. 

VaJerolactic acid \ qqtt °. 

Of acids containing six atoms of carbon, the following three 
are known : — 

Leucicacid < COTT ^' 

DiethoxaUc acid | CQH^^- 



Paraleucic acid 



fCH,Ho 
(CA)''. 
COHo 



The above formula for leucic acid is founded upon a reaction 
for the synthetical production of amidocaproic acid from valeric 
aldehyde and hydrocyanic acid. Valeric acid contains butyl ; 
consequently valeric aldehyde has the constitution expressed by 

{Bu 
COH ' ^^^ ^^^ reaction in question is therefore 

explained by the following equation : — 
{ So(N^H,) +NeH+OH,+HCl= ( §^^^'"^+1)^,01. 

Ammonic Hydro- Water. Hydro- Amidooi4)roio acid Ammonic 

valeric aldehyde. cyanic ofalorio (levoin). chloride. 

acid. aoid. 
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Such being the rational formula of amidocaproic acid, its trans- 
formation into leucic acid by nitrous acid determines the con- 
stitution of leucic acid : — 

|OB5H(N"B0 ^ „0H. .{^^ + OH. + N.. 

Amidod^roio acid. NitroiuaoicL Lencioaoid. "Water. 



CHAPTER XIX. 

THE ACIDS. 

4. FTBVnC SUBLES. 

General formula j qoHo^*"^'^- 

In this formula n may =0. 

Hie following list contains all the known members of this 
oones 5*^" 

Pyruvic acid | coHo* ^^"^^ ** ^^^''• 

ConvolvuHnoleic acid... j cOHo"'^''^' ^^®® ** ^''' 

Jalapinoleic acid | cohJ*"^''^' " ^^°* 

Eicinoleio acid {cOHo'"^''^- » ^• 

Pyruvic acid only is well known. 

The first member of this series would have the formula 

{COS 
COHo' "^^ ^^ ^® believed to be formed by the dehydration 

of glyoxyHc acid; but its existence has not yet been satisfactorily 
demonstrated : — 

fOHHo, o„ _ fCOH 
tcOHo ~ ^^ tOOHo- 

Glyoxylic acid. Glyozalio aoid. 
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The aldehyde of this acid, however, is known. It is called 
glyoxal, and its formula is : — 

fCOH 
\COH- 

Grlyoxal is produced by the oxidation of ethylic alcohol by 
nitric acid : — 

{c^Ho + 0. = {coi + 20H,. 

, Ethylio GlyoxeJ. Water. 

alconoL 

These acids are the semi-ketones of oxaUc acid, and they stand 

in much the same relation to this acid as that which acetone 

occupies with regard to acetic acid : — 

fCH, . fCH, 

\ COHo • 1 COMe- 

Acetic acid. Acetone. 

f COHo f COMe 

t COHo = t COHo- 

Oxalic add. FjTUvio acid. 

The pyruvic series is also closely related to the lactic series ; 

pyruvic acid absorbs hydrogen and is converted into formal 

lactic acid : — 

fCOMe . TT « JCMeHHo 
tCOHo + -^3 - I COHo ' 

Pymvio Lactio 

acid. acid. 

5. THJS QLTOXTLIG SUBIU8 OF ACIDS. 

General formula... |ggg^^''+^)^^^ or J c1hI,iHo. 

In the second formula n may =0. 

The two following acids of this series are known : — 

Formula. Fhyaioal condition. 

Glyoxylic acid ... j coHo^' ^y^Py? crystalline hydrate. 

' CH,Ho 

CHHo. Syrupy. 
COHo 



Glyceric acid 
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{ 



These acids are trihydric, but monobasic, and are related to 
the glycerin series of alcohols in the same way that the mem- 
bers of the lactic series are related to the glycols : — 

J CH,Ho 
\ COHo • 

Glycollic acid. 

r CH,Ho 
CHHo . < CHHo. 

CHaHo [ COHo 

Glycerin. Glyceric acid. 

By a reaction similar to that which is believed to produce 
glyoxalic acid from glyoxylic acid, glyceric acid yields pyruvic 
acid: — 



CH,Ho 
CH,Ho- 

GlyooL 

CH,Ho 



r CH.Ho 
CHHo 
COHo 

Glyceric acid. 



- OH. = 



fCH- 
CO . 
COHo 

Pyruvic acid. 



CHAPTER XX. 

THE ACIDS. 

6. THU BENZOIC OB ABOMATIG SEBIES OF 

ACIDS. 

General formula ... i c^o~'* 

formation. — 1. Bj the oxidation of the aromatio or 
C,Ha,_jHo alcohols : — 

/C.H, 

tOH^o -T- ^^2 - I COHo 

Benzylio alcohoL Benzoic aoid. 

2. By the oxidation of the aromatic aldehydes. Thus benzoic 
acid is formed from benzoic aldehyde;, or oil of bitter almonds 
(see p. 112). 



+ 0, = jgj?A, + OH,. 
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8. By the action of alkalies on the nitriles or abnormal 
eyanides. Thus potassic benzoate is formed by the action of 
potash upon Benzonitrile : — 

[%§?. +. KHo + OH, = .{gj^„ + NH,. 

Benzonitrile. Fotassie benzoate. Ammonia. 

4. By the action of sodium and carbonic anhydride on the 
bromides of the C^Ha,,.; radicals : — 

0,H,Br + Na, + CO, = {c^^^ + ^''^'- 

Phtmylio bromide or Bodie benzoate. 

monobrombenzoL 

5. Some members of the series are produced by the oxidation 
of the hydrides of the C„Ha„_7 radicals : — 

O.Me.H, + 0, - {c^f* + OH.. 

Pimethjl-benzoL Toluylio Mrid. 

6. The acids of the aromatic series may be obtained from the 
mon amines of the series containing one atom less of carbon. 

Thus Fhenylamine, when distilled with oxalic acid, produces 
phenylformamide : — 

{ COHo + "™^(C.H.)- IfH(C.H.)(CHO) + OH, + CO, 

Oxalic add. Fhenylamine. Phenylformamide. Water. Carbonio 

anhydride. 

Phenylformamide, by the action of heat, gives water And 
benzonitrile : — 

NH(C,H.)(CHO) « OH, + {g^A. 

Phenylformamide. Benzonitrile. 

Benzonitrile, heated with potassio hydrate, gives potassic 
benzoate and ammonia : — 

[%^f, + KHo + OH, - {%'^^^ + NH.. 

Benzonitrile. Potaazio PtttMiifT Ammonia. 

hydrate. benzoate. 

Toluylic acid, \ qq-Aq ^> ^^^ ^^^ ^ obtained from toluidine, 
NH,(CeH,Me). 
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The following terms of this aeriea are known :- 



Fhenoic acid 1 r O TT 1 ^^' 

Collinicacid [... q'qA [ 97°. 

Benzenicacid J ^ J above.. .110°. 

Senzoic acid 1 COUo 121''4. 



Alpha-toluylic acid {cORo ^'^*^- ^^°'^- 

rniu- TT fl03°'0. 273°. 

xyi^'^ (coHr [f^^- — 

Alpha-rylicaeid {ggn^^'^^- ^'i-O. 



■ I COHo * 



92°-0. 



These acids have the same constihition tm those of the acetic 
series, but contain the C„R,,_, radicals. 

They have been much less studied than the acetic seriea ; and 
further investigation will probably bring to light other series 
holding towards them the same relation as the acrylic, glycollie, 
pyruvic, and glyoxylicseriea bear to the acetic series. Already 
an acryloid add of this section is known corresponding to 
alpha-iylic acid : — 



■^■Cinni 



fC(C^.)"H 
1 COHo 



lamic add is decomposed, like the acids of tbe acrylic 
series, when heated with fused potassic hydrate ; it gives, under 
these circumstances, potassic acetate and benKoate. For the 
■nalogoua reaction in the acrylic series see p. 132. 
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Atropic acid, obtained by the action of alkalies on atropine, 

COHo* ^^^ ^® isomeric with cinnamic acid. 

Salicylic acid (with which oxybenzoic acid and parabenzoic 
acid are isomeric) is the lactic acid of benzoic acid : — 



{ 



OOHo 

Benzoic add. 



I C AHo . 



COHo 

Salioylio aoid. 

and the oil of meadow-sweet (Spiraa uhnaria) is generallj re- 
garded as the aldehyde of salicylic acid : — 

f C,H,Ho 
tCOH • 

Oxymethyt-phenylformio acid is the lactic representative of 
toluylic acid, from which last-named acid it is prepared. Its 
constitution will he understood &om the following graphic 
formula : — 



CH,Ho 
COHo 



H— C=C 



H— C C— H 



H— C— C- 



H 

I 

-6— 0— H 

I 

H 

O 

II 
-C— 0— H 



Ozymethyl-phenylfonnio fMsid. 

The following acids also probably belong to the phenyl-lactic 
series : — 



I I Cresotic acid {cwS 

a ^ 

o 



Ifelting- 
I)omt. 

153°. 



Anisic acid {c(&^^° ^^^° 

Paraphloretic acid 1 COHIo 

Thymoticacid I&^o^ ^20°. 




BENZOIC ACID. 



BENZOIC Acm. 



Molecular weight =122. Moleoular volume f I I . 1 litre of 

heazoic acid vapour weiglis 61 critlis. Fuses at 121''-4. 

Boih at 239°. 

Occurrence.—'hx many balsams and giiraa. In putrid urine, 

Preparation. — 1, By the oiidation of oil of bitter almonds 

(p. 112). 

2. By the action of fused potaesio Lydrate oa cinnamic 

fC(C,H,)"H , ^KH„_ fCH, _fC.H „ 



8. By boiling hippuric acid with hydrochloric acid ; — 
D,li,]NU, + OH, - IcOHo +tGbHo- 

Hinprmo Wstfr, QlvooUuiiiu ficDcok 

lu.'id. Bcid. miii. 

4. By the action of oxidizing agents on caaeia or gelatin. 

5. Prom gum benzoin, by sublimation, or by extraction with 
potaesic hydrate and subsequent precipitation of the acid by 
hydrochloric acid. 

6. Styrol treated with e, solution of potassic permanganate 
gives benzoic acid and carbonic anhydride : — 

O.H. + 0. _ {%§^^ + OO. + OH, 

VfnUa. 






llic acid ia a tetrahydric monobasic acid of the formula 



J C„H,Ho, 
I COHo ' 



may therefore be regarded as benzoic acid in which thiea 
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atoms of hydrogen have been replaced by three semimolecules 
ofhydroxyl. 

Tannic acid is obtained by the abstraction of one molecule 
of water from two molecules of gallic acid. Its constitutional 
formula is: — 

fOOHo 
C,H,Ho, 

L OOHo 



CHAPTER XXI. 

THE ACIDS. 

DIBASIC AGIDS. 

General formula... A(COHo)2 or i B/rjOHoV 

A and B being dyad radicals containing CnH^O;. . 

These acids all contain two semimolecules of oxatyl ; and if 
in the general formula n, nty and I ssQ, oxalic add will be the 
first term of the series. 

IbrfnaMan, — ^Many of the dibasic acids are produced by tlie 
oxidation of substances, the molecules of which are richer in 
carbon, such as oils and fats. Others are found ready formed 
in nature. 

BeaeUons. — 1. By the action of dehydrating substances, and 
even sometimes by heat alone, these acids lose water, forming 
anhydrides : — 

f A(COHo) ^ OH . f A(COo "i 
tB(COHo) == OH, + |b(CO^J' 

Acid. Water. Anhydride. 
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2. If -the anhydride be submitted to the action of phosphorie 
chloride, an atom of oijgen ia replaced by two of chlorine : — 

(A<^go) + PCI. = {A(?og« + poo;. 

ADhydride. Fhofiphorio Ohlodde. FboBphoriu 

3, Both the anhydrides and, the chlorides are reconverted 
into the acida by the action of water ; — 

tBCCOCl) + "^"^^ ~ |B(COHo) 

Chloride. Wflt^r. Adid, Hfdroahlorio 



20". - S'rcOHo + 2HC1. 



The dibasic acids may be divided into the four following 



1 . Succinic or acetoid series .... 
In the first member of the series u 



f C„H,„(COHo) 
tC,„Hj„(COHo)' 



.2. iTimanc or acryloid Beriee < C H (COHoV 

8.M^.o.W=id.eHes { g:£(?of 0^ 

4. Tartaric or glyoiyloid series ... { c"h=!,'I.Ho(COHo)- 

The first and second series are dibasic and dihydric ; the third, 
dibasic and triht/dric ; and the fourth, dibasic and tetrahydric. 



1. TBE mCCimC OR ACETOID SEliTES. 

General formula... \ p"tt" or \ C.Hb, . 



■■ 1 C.Ua, 
iCOHo 



COUo 



111 addition to oxalic acid (oiatyl) which rasuiy chemiats 



Malonic acid 
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regard as the first member of fiaa series, the following are 

known : — 

fOOHo 
OH- . ruses at 140". 
COHo 

rCOHo 
Succinic acid < q^ . Puses at 180^. Boils at 235°. 

[ooko 

fCOHo 

Isosuccmic acid ■{ OMeH. Fuses at 130°. 

tCOHo 

f COHo 
Pyrotartaric acid ...< 0,H, . Fuses at 112°. Boils at 200°. 

I COHo 

fcOHo 

Adipicacid 1 O.H, . Fuses at 140°. 

tCOHo 

fCOHo 

Pimelic acid < C,H„ . Fuses at 134°. 

iCOHo 

rCOHo 

Suberic acid i C,H,, . Fuses at 125°. 

tCOHo 

rCOHo 



Anchoic acid 



C,H„. Fuses at 116°. 
COHo 



r COHo • 

Sebacic acid J. C,H,, . Fuses at 127°. 

(COHo 

fCOHo 

Eoccellio acid < C,,H„ . Fuses at 132°. Boils at 200°. 

[COHo 

It is obvious that there may be several modifications of each 
of these acids. Thus there are two succinic acids, one con- 
taining ethylene, and the other ethylidene (see p. 168) : — 

fCH,(COHo) „, fCH, 
\C^(COHo) "^* tCH(COHo); 
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1. Belations of the Succinic to tht Lactic Senes of Acids raid to 

the Qli/colt. 

These acids are related to the lactic aeriea and to the glyeola 

iu the same way as the fatty acida are related to the mooacid 

alcohols ; — 

f CH,Ho f CH,Ho f COHo 

t CH,Ho- t COHo ■ t COHo- 

Olyoul. 6];«im<: juid. OialiD wtid. 

This relation, however, does not strictly extend beyond the 
firat member, although it may be partially traced in the rela- 
tions of malouic and adipic acid to paralactic and paraleucic 
acid ; — 

r Cn,(CH,Ho) f CH,(CH„Ho) r CH f COHo) 
tCH,Ho ■ tCOHo ' \COHo 

Iidproprlio glrcoh fHjalaotiu aciiL MaJoqic Ktid. 

{Uninowii.) 

rC,HXCH,TIo) r C.H,(CH,Ho) j C.H,(COHo) 
\ CHjHo ■ I COHo • 1 COHo 

Unlmown glj-co]. Fsnledoii Bcid. AdiL^ic SQtd. 



2. Melations of (he Sttccinic Series to tie Hi/ad RadicaU, 

1. The acids of the succinic series are intimately related to 
the dyad radicals, the nitriles or abnormal cyanides of which 
are readily converted into dibasic acida by ebullition with 
potassic hydrate or hydrochloric acid: — 

(ho d^rad ndicol' li jdrati'. dibaoio uid. 

2. Some of these acids, vhcu heated with exceea of caastic 
baryta, give up two atoms of carbonic anhydride, yielding the 
hydrides of the dyad radicala : — 

rCOHo 

^C,H,, = 2C0, + (CH,J"B:,. 

I COHo 



3 
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fCOHo 
an,. = 2C0, + (0,HJ"H,. 
OOHo 






Sebacic add. Carbonio 

anhydride. 

These reactions are the analogues, in the dyad series, of 
the process by which marsh-gas is obtained from acetic acid. 
The- hydrides of the dyad radicals so obtained are isomeric 
with those of the corresponding monad radicals. 

The elimination of carbonic anhydride &om a monobasic 
acid can only take place once, while from a dibasic acid it takes 
place in two successive stages : — 

In the case of a monobasic acid, 

{C H 
COHo' ""^^^ *" C^Hj^iH. 

In the case of a dibasic acid, 



2nd stage.. 



(CM 



'in 

^COHo 



C„Ha, — CO, = 1 c H 

COHo I ^i.^2»+i 



3. Relations of the Succmie to the Acetic Series of Acids. 

1. By the loss of the elements of carbonic anhydride, the 
first three members of ilie succinic series are converted into 
members of the acetic series, containing one atom of carbon 

less : — 

rcoHo ^ CO -1./^ 

Oxalic acid. Carbonic Formic add. 

anhydride. 

Malonio Carboiyo Aoetie 

acid. anhydride. 



r 



rooHo 

OOHo 



1 COHo ■ 



acLd, juihjdride. acid. 

In the first two cases the action of heat alone is suiEcieut 
to efiect the transformation; but in the third the afSEity of 
lime for carbonic anhydride must be anperadded. 

2. Conversely, the merabera of the acetic seriea may be con- 
verted into thoae of the auccinie containing one atom of carbon 
more, by replacing one atom of the hydrogen in the positive 
radical of the acid by cyanogen, and then boiling with potassie 
hydrate : — 



f CH,(CN"') 
jCOHo 



2KHo = J^j^i^^ 



+ NHj. 



The conversion of formic acid into oxalic acid, by heating 
Tith potassie hydrate, also belongs to this class of reiictionB : — 

+ 2K:Ho = {§o|° + 20H, + H,. 



1 COHo 



k succinic ACID. 

rcoHo 
coko 
Soils at 235°. IHssolees in 2 

water. 
Occur rencs.^ln amber ; 
resin of some kinds of pine : s 
animal substances. 

Formation. — 1. By the action of potaBsic hydrate upon ab- 
normal ethylenic cyanide (p. 161) : this reaction proves that 
eucciuic acid contains ethylene, and that ita conatitutional for- 
mula is as given abovo. 

m2 



D part* uf eoli 



1 some kinds of lignite ; in the 
1 many other vegetable and 
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+ OH,. 



2. By the oxidation of butyric acid by nitric add : — 

fOOHo 
C,H, 
COHo 

BatyrioaoicL Succinic acid. Water. 

The nature of this reaction is more clearly seen with fully 
developed formulae, thus : — 



fCEtH, . o - 



J I 



o. 



QH^ 



CH. 
[OOHo 

BntyrioaoicL Bnociiiio aoid. Water. 

3. By the reduction of malic acid by fermentation, or by 
hydriodic acid : — 



fOOHo 

CH, + 
COHo 

Suocinio add. 



fCOHo 
CH, 
CH, 
COHo 

Succinic add. 



OH,. 






fCOHo 

JCHHo' , TT =, 
CH, + H, = 

.COHo 

Malic add. Succinic add. Water, 

4. By the reduietion of tartaric acid by hydriodic acid;— 
COHo fCOHo 

ciio + 4HI = g^ + 20H, 
COHo [COHo 

Water. 



+ 21,. 



Tartaric 
add. 



Hydriodic 
add. 



Sacdnic 
acid. 



It is evident that this reaction is perfectly analogous to that 
hy which lactic acid is transformed into propionic acid (p. 125), 

5. The two isomeric acids, fumaric and maleic acids, are 
converted by nascent hydrogen into succinic acid : — 

^COHo 



/COHo 
;CH 
"|CH 
{COHo 



+ H, 




+ H. 



OH, 
CH, - 
COHo 

Sucdnic acid. 

COHo 
OH, 
.CH, • 
COHo 

Succinic add. 



SUCCINIC ACID. 
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6. By boiling ethylic /3 cyanopropionate with solution of 
caustic potash : — 

few rCOKo 

(.COEto [C 



HEto + NH,. 



LCOKo 



The two proceBseB by which succinic acid is generally pre- 
pared are, the distillation of amber and the fermentation of 
calcic malate. 

Seactiona. — 1. By distillation, succinic acid splits almost 
^^miJarely into succinic anhydride and water: — 
^^t fCOIlo (CO— , 
^^1 \ C,H, = \ CH, O + OK. 
^^T ICOHo [CO 1 

SiKmnio Succinip Water, 

odd. onliydridfi. 

2. TTnder the action of nascent oxygen produced by electro- 
lysis, succinic acid yields ethylene, carbonic anhydride, and 
water : — 



V 



rcoHo 

i C,H, + 



COHo 



c,n. + SCO, + on,. 



Blkilfai 



Hihjdridfi. 

Succinic acid may be boUcd for hours with concentrated 
nitric acid without suffering any change ; neither is it afl'ected 
by a miiture of potassic chlorate and hydrochloric acid; hut it 
produces acetic acid when distilled with sulphuric acid and 
manganic oxide. 
4. Succinic acid forms three kinds o 



Honnal. 
OOMo 
0,H, . 
OOMo 

CO 1 

0,H, M. 
00 1 



OOHo 

C.H. . 
OOMo 



f saltB, fix. : — 

Snperodd. 
rOOHo fOOHo 
JO.H. ,JC,H, . 
I OOMo I OOHo 
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ISOSUCaNIC ACID. 

rcoHo 

dMeH. 
COHo 

JEhises at 130*^. Dissolves in 5'4i^arts of cold water. 
Formation, — ^By boiling ethylic a cyanopropionate with sola-* 
tion of caustic potash : — 

r CN'" f COKo 

\ CMeH + 20KH + OH, = \ CMeH + HBto + KTH,. 

[ COEto [ COKo 

Ethylio Suooinio AloohoL Ammonia, 

a cyanopropionate. aoid. 



CHAPTER XXII. 

THE ACIDS. 

2. FUMABIO OB ACBYLOIB SUEIJSS. 

General formula ..." { c'fccCOHo) °^ C^H^^^^COHo),. 

In this series there are three isomeric acids containing four 
atoms of carbon, viz. 



Fonniila. 

C",H,(COHo),; 



f'r^n 



Eumaric acid 

Maleic acid 

Isomaleic acid . 

and three other isomeric acids containing five atoms of carbon, 

viz. 

Itaconic acid *] 

Citraconic acid I ^(0,)^H,(COHo),. 

Mesaconic acid J 

Constitutional notation predicts the existence of a fourth 
acid belonging to the four-carbon group. The following are 
the four possible formula for these acids : — 



ISOMERISM IN THE FUMARIC SERIES. 
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No. 1. 



No. 2. 



No. 3. 



A 



c=o 

hJ) 

0=0 

I 



I 

H 



H 

A 
A=o 

H— C— H 

A= 

A, 
i 



H 

A 
A.0 






A=o 

A 



No. 4. 

H 

I 


H C=0 

u 

I I 

H 0=0 

J, 



H 



H 



iCOHo 

"|CH 
iOOHo 



GOHo 

0("CH)H. 

COHo 



COHo 

OMe". 
COHo 



COHo 

CH, 

O 

OOHo 

Of these formula, Nos. 1 and 2 represent fumaric and maleic 
acids. Data are still wanting to enable its own particular for- 
mula to be assigned to each of these acids ; but the first two 
formul» must belong to fumaric and maleic acids, because both 
these acids yield succinic acid under the influence of nascent 
hydrogen, thus : — 



No. 1. 
/COHo 
}CH 
"{CH 
{OOHo 

No. 2. 

r COHo 

CH, 
"C 
COHo 



+ H. = 




H 

A 

CtO 



+ H, = 



rcoHo 

ICH. 
ICH, 
[COHo 



Snooinio aoid. 



H— 0— H 
H— C— H 

o»A 

I 


i 

Snooinio add. 
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That succinic acid cdntains ethylene (n\ q^j and not 

ethylidene ( ] /'CH J' ^ proved by its formation from abnormal 

ethylenic cyanide (p. 161) ; but formulsB Nos. 3 and 4 give, by 
the addition of two atoms of hydrogen, the formula of isosuc- 
cinic acid containing ethylidene, thus : — 



No. 3. 

fCOHo 
i C("CH)H 
[COHo 

No. 4. 

fCOHo 
i OMe" ^ 
ICOHo 



A 



+ H, = 



H, = 



fCOHo 

■^CMeH. 

[OOHo 



fCOHo 
\ OMeH. 
[OOHo 



H C=0 
H— C— C— H 



I J 



H 



C=0 

i. 

I 



H 

Iflosaoouiio add. 



Isosuocinio add. 

Fumaric acid combines directly with bromine, producing 
dibromosuccinic acid. Maleic acid also combines directly with 
bromine, producing isodibromosuccinic acid. The following 
formulsD show the nature of this isomerism : — 



Corresponding to No. 1. 

H 



H 



fCOHo 
JCHBr 
I CHBr 
tCOHo 





II I I II 

c— c— c— c 



i 

I 

H 



Br Br 



I 
H 



Corregponding to No. 2. 

O H 



O 



fOOHo 
JCH, 
ICBr, 
l,COHo 



Br 

I J. 

c— c— c— c 

O H Br 



FUMAUIC OR ACKVLOID SEELES. IW 

When acted upon by nascent hydrogen, both tlieae isomeric 
bromo-acidB produce, aa might be expected, the same succinic 
acid: — 

fcoHo rcono 

^m tCOHo [COIIo 



COHo fCOHo 

CBr, + ^« - 1 CI-I, 
COHo I COHo 



Inasmuch aa formulae Nob. 1 and 2 belong to fumaric snd 
maleic acids, it follows that one of the two remaining consti- 
tutional formulED must he that of isomnleic acid. It is impoa- 
aiblo at present to determine which of theae formuUe is to be 
asaigned to this' acid ; but in any case* there can scarcely he a, 
doubt that isomaleic acid, when treated with nascent hydrogen, 
will yield jsosuccinic acid, ua shown above, 

Of a similar character is the relation subsisting between the 
isomeric acids of this series containing five atoms of carbon, 
viz. itaconic acid, citraconic acid, and mesaconic acid. There 
are no less than eleven possible fonnulie for this five-carbon 
group of acids ; but the three individual formulie belonging to 
the three known acids cannot at present be determined. The 
following four formulto will servo as specimena of the vfhole, 
and as illustiatioos of the cause of iBomerism in these acids ; — 
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No. 1. 

H 



No. 2. 





I 

c=o 



IL—G-^ 
H— cJ 



H— C— H 

i 
i 

jOOHo 
),CH 
fCH . 

iCOHo 



Hi 



No. 3. 

H 

H— C— H 

I 
CD 



[_C)— H 



[_C— H H— C— H 



0=C 

I 
H 

'' OOHo 
CH, 
C 
CH, 

1^ OOHo 



< 



No. 4. 

H 

I 
O 

c=o 

H H— C— H 
I 

I 

c=o 



i 



i 

I 

H 



fCOHo 
. OH, 
1 OMe" • 
[COHo 



Itaconic, citraconic, and meeaconic acids stand in the same 
relation to pyrotartaric acid as fumaric and maleic acids occupj 
with regard to succinic acid ; for, when submitted to the action 
of nascent hydrogen, thej all yield the same pyrotartario acid ; 
and it is therefore highly probable that the first three of the 
aboTO formula belong to these acids. The formula of pyro* 
tartaric acid is 
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^COHo 
CH, 
CH, 
CH, 
COHo 



H 

I 
O 

I 

c=o 



H— C— H 



H— C-H 

I 
H— C— H 

i 

I 
H 



Treated with bromine, the three acids yield three isomeric 
brominated acids, which are transformed by nascelit hydrogen 
into the same pyrotartaric acid. 

By the action of hypochlorous acid on itaconic acid and 
subsequent replacement of the chlorine by hydroxyl, itatartaric 
acid is formed : — 



jCOHo 
JCH 

l^OOHo 

Itaoonio add. 



} 



rooKo 

CHHo 
CHCl 

COHo 



V. 



^COHo 
CHHo 
< CHHo 
CH, 

^COHo 

Itatartaric aoid. 



Itatartaric acid, by distillation at 125% gives carbonic an- 
hydride, water, and pyroitauvic acid, which appears to belong 
both to the lactic and the acrylic series of acids. 



rCOHo 
CHHo 

< CHHo 

CH, 

^COHo 

Itatartaric aoid. 



CO, + OH, 



//rCHHo 

+ jo 

FyroitaiiTio^d. 
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CHAPTER XXm. 

THE AOISS. 

3. MALia OB LACTOID 8EBIES. 



General formula { S-S^-rjiPX^?^"^ or 

\ C„Ha,(COHo) 



rcoHo 

C„Ha,_iHo. 
COHo 



Only two acida belonging to this series are known, viz. 
tartronic acid and malic acid. Like lactic acid, tkej both con- 
tain a semimolecule oi non-oxatylic hydroxyl: — 

H 







rcoHo II I .. 

Tartronic acid \ CHHo. C— C —0 

COHo I I I 
OHO 

H H 

This acid may be regarded as the product of the oxidation of 
glycerin, although it has not yet been so produced. It is ob- 
tained by the gentle oxidation of tartaric acid (p. 175). 

H 





fCOHo. II i II 

Malic acid -i CMeHo. C C C 

loOHo \ I J 

6 H— C— H 

I L I 

H H H 



Malic acid may be viewed as the product of the oxidation 

fCH,Ho 
of the hitherto imdiscoyered butyl glycerin, \ CMeHo. 

lCH,Ho 

This acid is contained in apples, and in many other firuits. 



TARTARIC A€ID. i/ 

"When gently heated witti potasaic hydrate, hydrogen 
evolved, potassic oxalate and acetate being prodnced : — ■ 

fOOKo 

J CMeHo + I 

(OOKo 



fOOKo 
1 COKo 



/OH. 
tOOKc 



*. TABTABIO OB aLYOXYLOID SERIES. 

This HOriea contains at present only two members ; bnt these 

have nnmerous isomers, which have been studied, however, 

only in the case of the first. Like the glyoxylic series, these 

acids contain two semimolocules of lUm-oxatijl'tB hydroxyl. 



I 



rcoHo 

Tartaric acid < CHHo- 

IcOHo 

{COHo 
CHHo 
CHHo 
COHo 



There are four posaible conatltutioual formula; for tartaric 
acid, viz,; — 

fiSio fo?r"° (<=n.H° (°Hno. 

\cHvl \ru- ■ JoHo(COHo). ] OHCCOHo). 

l§S£o° l§oao 1'=™° l<=o"° 

The known variptiea of tartaric acid arc also limited to four, 
viz, : — 

1. Dextrotartaric or common tartaric acid, bo called from ita 
property of causing the piano of polarization of a ray of light 
to rotate to the right. 
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2. LsBVotairtaric add, wliich tuniB the plane of polarizatioii 
to the left. 

3. Inactiye tartaric acid, whicb does not affect the plane of 
polarization. 

4. Metatartaric acid. 

It has been already shown (p. 164) that dextrotartaric acid 
yields succinic acid under the influence of hydriodic acid, 
whilst it has also been ascertained that inactive tartaric acid 
likewise produces succinic acid under the same circumstances. 
These reactions indicate A. and B. to be the formuls3 of the 
dextro- and inactive tartaric acids. The formulsB C. and D. 
possibly belong to Isevo- and metatartaric acids, in which case 
these acids, when treated with hydriodic acid, ought to yield 
isosuccinic acid. Thus — 

r CH,Ho 

< CHo(COHo) + 4HI = 20H, + 21, 

iCOHo 

rcHg rcoHo 

H- ^CH(COHo) or ^ CMeH. 
. COHo [ COHo 

iBOSuocinio acid. 

Macemic add is a compound of dextro- and Isevotartaric 
acid. It may be produced by uniting them, and may again 
be resolved into them. 

Inactive tartarie acid cannot be resolved into dexiaro- and 
IsBvo-tartaric acids. 

It may be obtained by the action of water on argentic dibro- 
mosuccinate : — 



fCOAgo 
lull + 20H, « |SS5° + 2AgBr. 
L COAgo I COHo 



'COHo 



Argentic dibromo* Water. Inactive tartaric Aigentio 

saocinate. acid. bromide. 

The converse of this reaction is the transformation of tar- 
taric acid into succinic acid by means of hydriodic acid ( 
p. 164). 
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Metatartmrin aeid is produced by fusing dextrotartaric acid. 

Beactitmg. — 1. Destrotartaric acid, wlien treated with 
powerful oxidizing agents, gives formic aeid. 

2. Under tiie influence of very gentle oxidizing agents, tar- 
tronic acid is formed : — 



rooBo 

ICHHo 
lOHHo 
ICOHo 



COHo 
OHHo 
COHo 



OH. 



3. Heated witli fused potassic bydrate, tartaric aeid gives 
potassic oxalate and acetate, but without evolution of hy- 



fOOHo 
JCHHo 



fOOKo 



1 OHHo + ^^^° " { COEo 
[OOHo 



(g&, + ''OH- 



OTHER SESTBS OF DIBASIC ACIDS. 

There ia evidence of tbe existence of other series of dibaaio 

acids, which may be regarded ae derivatives of heniole or as the 

hexacarrbon representatives of tbe succinic, fumaric, and tar- 

tuic Beriee. The following are exainp]es : — 



n 



H o 



C,H,,(COHo),. 



H— C— H H- 



HeXAhjrdrophth&lic udd (Heiuvboa-sq 
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H H 

O O 

H— 0— C— i—i—O— H 

C.H,Ho,(COHo),. J I 

H— C— H H— C— H 

H— C C— H 

H H 

Tartrophthillo acid (Hexaoorbon-tartario series). 



H-O— C— C C— C— O— H 

C,H,(COHo),. H-C— H H— C— H 

H— C ■ C— H 

H H 

Tetrahydrophthalic aoid (Hezaoarbon-famaric series). 

The existence of another series of dibasic acids derived from 
hydrocarbons of a C„H2„_i8 series is indicated by the formation 
of anihraquinonic acid, which is identical with alizarin, the chief 
colouring-matter of the madder root. By oxidation, anthracene 
(Ci^Hjo) yields anthraquinone (Cj^HgOa), which, when heated 
strongly with sulphuric acid, is converted into disulphanthnt' 
quinonic acid, which has probably the following constitution : — 

f CO(S»^0,Ho) 

, CO(Si^O,Ho) 

When disulphanthraquinonic acid is heated with potassic 
hydrate to a temperature of about 180° C, it becomes intensely 
coloured, and is found to be converted into potassic alizarate 
(potassic anthraquinonate) : — 
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f CO(S'»0,Ho) 

\ (C„H.)" + 

[ CO(S'-0,Ho) 

Disalphanthraqamonio 
add. 



60KH = 

Potaado 
hydrate. 

+ 40H,. 

Water. 



COKo 
(C,H.)" + 
COKo 



Fotassio 
alizarate. 



2SOEo, 



Fotassio 
sulphite. 



On tlie addition of an acid to an aqueous solution of potassic 
alizarate, alizaric acid (Ci3Hg(COHo)2), identical in properties 
with the natural alizarin of madder root, is precipitated. 

Anfhrajlavic acid (Ci2Hg(COHo)2), isomeric with alizaric 
acid, but possessing no tinctorial properties, is usually simul- 
taneously formed in the above reactions. 



CHAPTER XXIV. 



THE ACIDS. 

TBIBASIC ACIDS. 

The tribasic acids all contain three semimolecules of oxatjl. 
They may be divided into the following three series, each series 
being, however, at present only represented by one acid. 

1. Tricarballylic or acetoid series :— 



TricarbaUyUc acid ... 



CK(COHo) 
CH(COHo) . 
[ CH,(COHo) 



2. Aconitic or acryloid series : — • 

,JCH(COHo) 

Aconitic acid ..*. jC(COHo) . 

{CH,(COHo) 

TOL. II. If 
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3. Citric or lactoid series :- 



Citric acid 



r CHHo(COHo) 
CH(COHo) • 
^ CH,(COHo) 



Trwa/rbdllylic acid is trihydric. It is obtained from gljcerin 
by replacing the bydroxyl in the latter by cyanogen, and then 
acting upon the tricyanhydrm,so formed, bypotawio hydrate :- 

r CH,(CN"') r CIL(COKo) 

\ CH(CN"') + 3KEo + 80H, = \ CH(COKo) + 8I1H-. 

[ CKICW) [ CH/COKo) 

Tricjan- Fotaasio Water. Fotassio triearlH -Amw^^Miifr, 

hjcurin. hydrate. allylate. 

Aconitic add {equisetic add, dtridic add) is also trihydiic. 
It is found in the roots and leaves of monkshood, and may also 
be obtained by heating citric acid. Aconitic acid is also pro- 
duced by the action of hydrobromic acid upon citric acid, the 
reaction taking place in the two following stages : — 

r CHBr(COHo) 
^ CH(COHo) + OEL; 
. CH,(COHo) 

BromotrioarbaUylio add. Water. 



r CHHo(COHo) 
\ CH(COHo) 
[ CH,(COHo) 

Citric add. 



+ HBr = 



r CHBr(COHo) 
\ CH(COHo) = 
[ CH,(COHo) 

Bromotricarballylio add. 



„/CH(COHo) 
)C(COHo) 
{CH,(COHo) 

Aoonitio add. 



+ HBr. 



Heated to 160°, aconitic acid is converted into itaconic acid : — 



,JCH(COHo 
)C(COHo) 
tCH,(COHo) 



Aconitio add. 




+ 



Itaconic 
add. 



CO,. 



Carbonic 
anhydride. 



OUric add is tetrahydric, and contains, therefore, like lactic 
acid, one semimolecule of non-oxatylic hydroxyl. It is found 
in the free state in oranges, lemons, citrons, and many other 
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&uits, also in the potato and the onion. By the gradnated 
application of heat, citric acid yields aconitio, itacouie, and 
citraconic acids. At the earlier stage of the decomposition it 
also yielda acetone. Heated with fused potassic hydrate it 
gives potasaic oxalate and acetate: — 

f CHno{COHo) f p„K-^ , «„ 



By hoing heated with hydriodic acid, citric acid in Irana- 
formed into tricarb ally lie acid : — 

f CHHo( COHo) f CH„(COHo) 

< CH(COHo) + SHI = i CH(COHo) + OH,. + I,. 
tCIL,(COHo) [ Cll,(COHo) 

Citric ttdd. Trioarbalijliu luAi. Waltr. 

Degoxalia acid is closely connected with citric acid ; it is hexa- 
hydric, and may be regarded as citric acid in which two atoma 
of non-oxatylic hydrogen have been replaced by hydroiyl. Ita 
constitutional formula is probably 

f CHHo(COHo) 
\ CHo(COHo) . 
[ CHHo(COHo) 

It is obtained from the product of the action of eodium upon 
oxalic ether. 



■ TFTBASASIO AJfB JT F . XA TiASIC AOIBS. 

P^omellitia acid (C,H,,(COHo).) and mellitic acid 
(C^(COHo),) are instanceB of acids of these degrees of baaicity ; 
and it can scarcely be doubted that an intermediate pentabaaic 
acid will be found to exist. The following graphic formula of 
mellitic acid ahowa the relation of thia acid to beuzol,aud indi- 
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cates the constitutional formulas of the other acids built upon 
the same type and mentioned below : — 

ICellitic aoid. 

o o 

II II 

! H— 0— C— C=C— C— 0— H 











H— 0— C— C C— C— 0— H 



H— 0— C— C— C— C— 0— H 

Ml II 

o o 

Fiye out of the six possible acids thus related to benzole are 
now known. Their names and formulee are given in the fol- 
lowing Table : — 

Benzoic acid CeHa(COHo). 

Phthalic acid 

IsophthaUc acid [. . . . CeH,(COHo),. 

Terephthalic acid 



•imellitic acid 1 

■imesic acid I 

emimellitic acid ...J 



C,H3(COHo)3. 



CeH,(COHo),. 



Pjrromellitic acid 

Prehnitic acid . . . ^ 

Mellophanic acid 

Unknown acid CeH(COHoV 

MeUiticacid C,(COHo)e. 
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CHAPTER XXV. 

THE ANHYDBIDES. 

The anhydrides are compounds obtained from the acids by 
the abstraction of the hydrogen of their hydroxyl, together with 
sufficient oxygen to form water. 

For every two atoms of hydrogen and one of oxygen thus 
abstracted from hydroxyl, there will obviously remain one atom 
of oxygen, which, as a dyad element, exactly satisfies the two 
bonds vacated by the hydroxyl : — 

2Ho = OH, + O". 

Hydroxyl. Water. 

On this account, two molecules of a monohydric acid are re- 
quired to form one molecule of anhydride, thus : — 

fCMeO 
2CMeOHo = ^O + OK. 

[ CMeO 

Acetic add. Acetic Water. 

anhydride. 

The anhydrides of those monobasic and dibasic acids which 
contain one and two semimolecules of hydroxyl have alone 
been investigated. 

They may be divided into the following classes : — 



1. Anhydrides of the 



^ C„H2„+i rc„Ho„_7 

CO I CO 



monohydric mono-< O and -^ O 

basic acids C^ ! S9t 

2. Anhydrides of the f C(C„H2„+i). 



dihydric monobasic I 



o. 



acids 



3. Anhydrides of the 
dihydric dibasic ' 
acids 



rco — n 

C„H2„ O. 
CO ' 
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1. ANRTDBTDES OF THE MONOEITDBIG 

MONOBASIC AOIDS. 

These are known only in tlie acetic and benzoic series. 

They bear the same relation to the acids from which they 
are derived as that borne by the ethers to the alcohols. 

The residues of different acids unite to form mixed anhy- 
drides anologous to the mixed ethers. Aceto-benzoic ai^y- 
dride is a body of this class. 

Formation, — By the action of the chloracids, or so-called 
chlorides of the monad negative radicals, on the potassio salts 
of the acids : — 

C(C„Hj„+0 OKo + C(C,.H«^OOC1 = -^ O + KCl. 



Fotassic salt. 



Chloraoid. 



Anhydride. 



Potassio 
chloride. 



Beaction. In contact with water they are converted into the 
corresponding acids : — 

c(aH^i)o 

+ OH, = 2C(C„Hj„+,)OHo. 

C(C„H^+0O 

Anhydride. Water. Add. 

The following is a list of the anhydrides belonging to this 
class : — 



Acetic anhydride s O 



rCMeO 
O 
CMeO 



Propionic anhydride... 



rcEto 
o 

CEtO 



rCPrO 

Butyric anhydride \ O 

iCPrO 



Valeric anhydride 



^CBuO 
O 
CBuO 



or 



or - 



or ^ 



or 



fC(CH3)0 

C(CH,)0 
C(CA)0 

C(C,H.)0 
f C(C,K,)0 

C(C,H,)0 
f O{0.H,)O 

C(C4H.W 



Fusing- Boiling 
point point 

138°. 



l65^ 



about 190°. 



about 215°. 
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Caproic anhydride. ..... 



(Enanthylio anhydride. 



Benzoic anhydride. 



Fnsing- Boiling- 
point, point. 

OAyO rC(0.H„)O 

O or -^ O 

[CAyO lC(O.H„)0 

CCpO f C(C,H„)0 

O or -^ O 42°. 310°. 

ICCpO lC(C.H„)0 

f C(C,H,)0 

C(0,H,)0 

rCMeO 

Aoetobenzoio anhydride -I O 120°. 

I C(CeH,)0 



Caprylio anhydride ... 



Pelargonio anhydride. . 



C(C,H„)0 

O belowO°. ahout290^ 

[ C(C,H,«)0 

O +5°. 

[C(C3H„)0 



CCCi^HgJO 

Palmitic anhydride ...-{0 63-°8. 

C(C,«H3,)0 



2. ANRTDEIDES OF THE BIRTDBIO 
MONOBASIC ACIDS, 

Formation, — ^By applying heat to a dihydric monobasic acid, 
thus: — 

jCOHo = too ^ + ^^»- 

Laotio acid. Lac Idde. Water. 

(Laotio anhydride.) 

Beaction, — ^Boiled with water, and especially with alkalies, 
they reproduce the acids from which tbey were derived : — 

fCMeH^ . OTT fCMeHHo 

\C0 O + OH. = jCOHo. • 

Lactide. Water. Lactic acid. 



184 THE KETONES. 



3. ANHTDBIDES OF TSE BISTDBIG 

DIBASIC ACIDS. 

Formation. — By the action of heat, or of substances having 
a strong afilnity for water, upon the dihydric dibasic acids :— 



fCOHo 
ICOHo 



fCO 1 

C,H, O + OH,. 
CO 1 



Sucdnio Suocinio Water, 

acid. anhydride. 

Meaction. — Like the anhydrides of the first and second classes, 
they unite with water, reproducing the acids from which they 
were derived. 



CHAPTER XXVI. 

THE KETONES. 

The ketones are derived from the fatty acids by the substitu- 
tion of the hydroxyl of the latter by a monad positive radical ; 
they thus resemble the aldehydes in constitution : — 

f CH, f CH, f CH 



( 



1 COHo- \ COH- 1 COMe- 

Acetio Acetic Acetone, 

add. aldehyde. 

The ketones may also be correctly described as compounds 
of carbonic oxide with monad positive radicals, thus : — 

COMe,. 

Acetone. 

By the action of nasceut hydrogen upon the ketones, they 
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are converted into aecondary alcohols, whilst the aldehydes, 
under the saino treatment, yield normal alcohols : — 

kfCH, , TT - JC^. 

|COMe + ^= "■ iCMeHHo- 
Acetone. I«j™^jlio 

Ketones, unlike aldehydes, do not oxidize apontaneously ; 
neither do they reduce ammoniacal solution of argentic oside. 

Like aldehydes, many of them corahine with hydric potasaic 
or hydric sodic sulphite. 

Formation.— 1. By the action of the zinc eompounJa of the 
positive monad radicals upon chloracids :— 

ChloTKid. ZiDC i>DiDi>oiuid, Ki.'loii?. Zindc 

2. By the action of sodic ethide and its homologuea on car- 
bonic Glide ; — < 

CO + 2N.(C.H„,) = {|fe„,) + "»■• 



» 



8, By the distillation of tho salts of the fatty acids :— 
COKo - tC0(C„H^,) + ^UAo,. 



4, By distilhng together salts of two diiTerent fatty acids, ke- 
tones containing two different positive radicals are obtained : — 

fCEtH, , fCH, _ fCEtK, . „^T_„ 
t COKo + \ COKo ~ t COMe + ^^'^°^- 

PolaBFJG PnlMnii) Prnpylmrthyl PutMliu 

5. Numerous ietones may also be produced hy the following 
aeries of reactions. 

By the action of sodium upon ethyhc acetate hydrogen 
becomes replaced by sodium : — 
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The ethylic disodacetate is acted upon by excess of ethylic 
acetate as follows : — 



{oS£ + OO^-Eto. = 



EthyUo 
disodacetate. 



Ethjlio acetate. 



rCOMe 
CHNa 
COEto 

Ethylio sodaceto- 
acetate. 



+ NaEfco. 



Sodio 



When ethylic iodide is added to ethylic sodaceto-acetate the 
following reaction occurs : — 

f COMe f COMe 

^ CHNa + EtI = ^ CHEt + Nal. 
COEto [ COEto 



Ethylic sodaceto- Ethylic 

acetate. iodide. 



Etiiylic ethaceto- 
aoetate. 



Lastly, ebullition of ethylic ethaceto-acetate with potassic 
hydrate converts it into ethylated acetone, alcohol^ and potassic 
carbonate : — 

''COMe c nniur 

CHEt + 2KHo =5 I CHEt "+" ^^^ + COKo,. 



COEto 



EthyUc ethaceto- 
acetate. 



Potassic 
hydrate. 



Ethylated 
acetone. 



AlcohoL 



oarbonate. 



Ethylated acetone is obviously acetone in which one atom of 
hydrogen has been replaced by ethyl. 

A second atom of hydrogen in acetone may be replaced in the 
folloYnng analogous series of reactions : — 

CH, 
COEto 



( 



+ 

Ethylic acetate. 



SNa, 



{ 



fC]Sra3 
\ COEto 

Ethylic 
trisodacetate. 



+ COMeEto 



Ethylio 
acetate. 



CNa, , 
COEto "♦" 

Ethylio toisodaoetate* 

fOOMe 
t COEto 



SHj* 



+ NaBto. 



Ethylic disodaoeto- 
acetate. 



Sodio 



rCOMe 

i CNa, -f 
[ COEto 

Ethylic disodaceto- 
acetate. 



2EtI = 



Ethylio 
iodide. 



fCOMe 

^OEt, 

[COEto 

Ethylio diethaceto- 
acetate. 



+ 2NaL 



I 
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Ethylic diethacefco- Poteaiio Diethjlated Alcohol. PoiMiio 

acetate. hydrate. acetone. carbonate. 

6. By the action of zincio ethide on the chlorides obtained 
from the dibasic acids, ketones containing dyad radicab are 
produced ; thus : — 

Succinylic chloride submitted to the action of zincic ethide 

gives ethylene diethylic ketone : — 

COCl f COEt 

fC,HJ' + ZnEt, = \(C,KX + Za(\. 
[ COCl I COEt 

Buccinylio Zindo. Ethylene diethylic Zincio 

chloride. ethide ketone. chloride. 

The following is a list of the names, constitutional formulsB, 
and boiling-points of those ketones which are best known : — 

Boiling- 
point. 

{CH 
COMe ^^• 

Methylated acetone. 

(Hthyl acetyl, «««-{ooS' ^^° 

thyl acetone,) 

^Dimethylated ace- 

tone. (-^%^ «^^- { cS? ^^""'^ 






S 
o 



tone.) 

Ethylated acetone ..{coS •^^^''• 

Propione. {Ethyl f CMeHj, jq^© 

. propionyh) \COEt 

Methyl valeral {cOm2 •'^^• 

Ethyl butyral {g^g» 128^ 

^ J Diethylated acetone {qoS ^^^''• 



6 ' 



u 
o 



o 

CO 



Butyrone {ooS" ^**° 



188 



ETHEREAL SALTS. 



Little is known of the ketones of the C^Hg^.; series. The 
following have been obtained : — 

J5enzophenone f \ qq/^ tt W' *^® tetone of benzoic acid, is 

obtained by heating potassic benzoate. 

Methyl benzole or methyl benzoyl f -j ^^p tt \ ) is prepared 

by distilling together calcic acetate and benzoate. 

Phthalylic chloride, treated with zincic ethide, produces 
phenylene diethylic ketone : — 

r com 

(C«H,)" + ZnCl,. 
COEt 



f COCl 

(CeHJ' + ZnEt, = ^ 
COCl 



PhthalyUo 
chloride. 



Zinoio 
ethide. 



Phenylene di- 
ethyhc ketone. 



Zindo 
chloride. 



CHAPTER XXVII, 

ETHEBEAL SALTS. 

These compounds correspond to the metallic oxysalts of the 
acids. 

The acids from which they are derived maybe either mineral 
or organic ; but the base must always be organic. The haloid 
ethereal salts are excluded from this family ; they have been 
already described as haloid ethers. 

The ethereal salts are produced by reactions analogous to 
those employed for the preparation of metallic salts : — 



/CM, 
\COHo 


+ 


KHo = 


;cH, 

tCOKo 


+ OH,. 


Acetic acid. 

CH 
■ COHo 


+ 


Potassic 
hydrate. 

EtHo = 


Potassic 
acetate. 

,'CH, 
COEto 


Water. 

+ OH,. 


Acetic acid. 




Ethylic 
hydrate. 


EthyUo 
acetate. 


Water. 



But as the hydrates of the organic radicals do not act upon 
acids so energetically as potassic hydrate, it is often advisable 



to employ tbe acid in the form of a potasaic aalt, and the radi- 
cal aa a sulphoacid ; thus, with acids of the acetic series : — 

SO.Ho(C.H„,0) + { g5a* . I °-Hgf^__^_oj+ SO.H„K,. 

BDli>hoiuni Fatnuia Etheriml salt. Hydriii potusii: 

Monohaaic acids form onJy one ethereal salt with each mono- 
hydric alcohol ; and this salt is always normal. 

With dikydric alcohols thoy each form two ethereal aalta, 
and with trihydrie alcohols three etiiereal salta. These are 
also normal. Thus with acetic acid we have ; — 

Acetic Bait of amonohjdric alcohol: — 

rcH, 

\ COEto- 

Etljylio uopUle. 

Acetic salts of a dihydric alcohol ; — 

f CH.Ho f CH,-0-CMeO 

\ CH,-0-CMeO' \ CH,-0-CMeO- 

Acetic salts of a trihydrie alcohol: — 

f CH Ho 1 CH,-0-CMcO f CH,-0-CMeO 

\ CHHo . J CHUo . \ CH-0-CMeO. 

[ CH^-O-CMeO [ CH,-0-CMcO [ CH,-0-CMeO 

Dibasic acids form, with monohydric alcoholsj two scries of 
ethereal salts ; — 
1. Acid ethereal salts, as :— 

f COEto 

Succiuethyhc acid \ C,H, . 

[COHo 

2. Normal ethereal salts, as : — 

^r f COEto 

^^ Ethylic succinate < C,H, , 

H I COEto 

In the same manner, tribasic acids form with monohydric 
alcohols three series of ethereal salts, the first two of which ore 
acid, and the third uormal. 
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Prolonged contact with watei^ generally decomposes ethereal 
salts, liberating the radicals of the bases in the form of alco- 
hols : — 

SO.Meo, + 20H, = SO,Ho, + 2MeHo. 

Methylio Water. Sulphurio Methylio. 

aolphomethylate. aoid. alcohol. 

Ebullition with potassic hydrate, especially when the latter is 
dissolved in alcohol, effects this transformation very speedily: — 



{cokto + ^o = {%^^ + 



EtHo. 

Eth; 
acetate. hydrate. acetate. alool 



Ethylio Potaasio Potaasio Ethvlio 

mol. 



CHAPTER XXVIII. 

OBGAiaO COMPOUNDS CONTAINING TEIAD AND PENTAD NITBOGEN 

OB THEIB ANALOGUES. 

This numerous family may be divided into two great classes : — 

1. Compounds of triad nitrogen, phosphorus, arsenic, anti- 
mony, and bismuth. 

2. Compounds of pentad nitrogen, phosphorus, arsenic, anti- 
mony, and bismuth. 

I. C0MP0UJW8 OF TEIAD NITROGEN AJSTD OF 

ITS ANALOGUES. 

This class may be again subdivided as follows : — 

Positiye. Neutral. Negative. 

1. Amines. 1. Amides. 1. Imides and 

2. Phosphines. 2. Alkalamides. nitrides of 

3. Arsines. 3. Trichlorinated and negative 

tribrominated amines. radicals. 

4. Stibines. 4. Haloid compounds 

5. Bismuthines« ofoxybases. 

6. Oxybases. 

Of these the Amines and Amides are the most important. 



MONAMINES. 
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PosrrrvE Seotioit. 

1. THE AMINES. 

The Amines are commonlj termed organic bases or artificial 
alkaloids ; they are divided into — 

A. Monamines. 

B. Diamines. 

C. Triamines. 

D. Tetramines. 

The tetramines have been but little investigated. 



A. MONAMINES. 

There are three kinds of monamines : — 

a. Primary monamines. 
/3. Secondary monamines. 
7. Tertiary monamines. 



a. 'Brvma/ry Monamines, 

General formulae. 

Methyl or CnHa^i series 'N(C„lS.2n-^i)^r 

Vinyl or CnHa^^i series N(C„H:2„_i)H.,. 

Phenyl or C„H2„_7 series N(C„H2„_-)B[2. 

Formation, — 1. By the reduction of the nitro-substitution 
compounds of the hydrides of the positive radicals by sulphu- 
retted hydrogen, ammonic sulphide, zinc and sulphuric acid, or 
iron and acetic acid : — 

W(CeH:;)0, + 3SH, = N(CeH,)H, + 20H, + S3. 

Nitrobenzol. Balphnrettod Aniline. Water. 

hydrogen. 

2. By treating cyanic ethers with boiling solution of potassic 
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hydrate. The reaction is perfectly analogous to the decom- 
position of cyanic acid with potassic hydrate : — 

CN'"Ho + 2KHo = COKo, + NH,. 

Cyanioaold. Potassio Potassic Ammonia. 

hydrate. carbonate. 

ON"'Efco + 2KHo = OOKo, + NEtH,. 

Ethylic Potassio Potassio Etbjlamine. 

cyanate. hydrate. oarbonate. 

3. By the action of the haloid compounds of the monad 
positive radicals upon ammonia, and subsequent action of 
potassic hydrate upon the product so formed : — 

NH3 + EtI = NEtH3l. 

Ammonia. Ethylio Ethylammonio 

iodide. iodide. 

NEfcH,! + KRo = NEtH, + KI + OH,. 

Ethylammonio Potassic Etbylamine. Potassio Water. 

iodide. hydrate. iodide. 

The following are a few of the primary monamines : — 

Methylamine NMeH, or N(CH3)H,. 

Ethylamine •. NEtH, or N(C2H,)Hj,. 

Buiylamine NBuH, or W(C^H3)H,. 

Amylamine NAyH^ or N(C5Hu)H2. 

Allylamine WAllH, or NCCgHJH,. 

Phenylamine {Aniline) NPhH, or N(CeH,)H^. 
Tolylamine (Toluidme) NToH, oi> N(CeH^Me)H,. 

Reactions. — Treated with nitrous acid, they evolve nitrogen 
and yield the corresponding alcohols : — 



* 



NPhH, + NOHo = PhHo + N, 4. OH,. 

Phenylamine. ' Kitrous acid. Phenylio Water. 

alcohol. 



/3. Secondare/ Monamines, 

Qeneral formula;. 

Methyl or C,.H2„+i series N(C„H2^0aH. 

Vinyl or C„H2„_i series N(aH2„.x),H. 

Phenyl or C^Hg^., series NCChHsh-tXH. 
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Tiie aecoudary monaminea are derived from ammonia by the 
rQplacement of two atoma of hydrogen by monad positive 
radicals. TUey are Bometimes called Imidojen baseg. 

Formation. — By the action of the haloid compounds of the 
monad positive radicals on the primary monamines, and aubac- 
qucnt treatment with potasaic hydrate : — 

NEtH, + EtI = NEt,H,I. 

ElliylamiDF. Ethj-lia nirthylonuiwDii] 

iodide, . iodilB. 

NEt.HJ + KHo = NEfc,n + KI + OH,. 

DictlirliniTiiuiuii FolsiiBic DiethylamiuB. Poluasio Water. 

ijdide. lijdrats. iodide. 

By using the Jodide of a radical different from that already 
contained in the primary monamiuc, secondary monamines 
may be formed contaiaing two different radicals, thus : — 
NPhH, + EtI = NEtPhH,!. 

Fli6nT)uame. Ethvlic EtbTlphfDrlammoDiii 

NEtPhH,! + KHo = NEtPhH + KI + OH^. 

EthjlphenTlBm- Potimiii Etbyliilipnvlamino. PgWBaio ■ W«tor 

DiDiua iodide. hrdrnu. |£lhyli>niliii.>.) iodide. 

The following aecondary monamines are known: — 

Dimetbylamine WMe^H orN(CHJ^B". 

^^t-Diethylamine NEt^H orN(C,HJ,H. 

^^Bi'Methylothylamine ^MeEtHor NCCH^XC.HJH. 

^^J Dibutylamme NBu,H or N(C,H,XH. 

^^HjEthylamyiamine NEtAyH or N(C,hJ(C,H„)H. 

^^m Ethylphenylamiue NEtPhH or N(C.jH,) fU.HJH. 

^^H Piperidine N(C,H„}"H. 

^^^<;onine NCC„H,^"H. 

^^^P y. Tertiarg Monamines. 

Ibrmation. — 1. By acting upon the secondary monaminea 
with the iodides of the monad positive radicals, and suhse- 

t' ' ■ treating tho product with potaasic hydrate : — 
NEt,H + EtI - NEt,HI. 
Divlhrluuiu'. Bthrlis Tritt^TUmnioillii 

iodldi, iodide. 

U. O 
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NEtgHI + KHo = NEt, + KI + OH,. 

Triethylammonio Potasaio Triethylamine. Potassio Water« 

iodide. hydrate. iodide. 

By yarying tHe radicals, tertiary monamines with several 
different radicals may be formed. The foUowing are a few of the 
knovmtertiaiy monamines:- 

Trimethylamine NMe, or N(CHg),. 

TrietHylamine NEt, or NCC^H^V 

Tributylamine NBug or N(C^H,X. 

Triamylamine NAyg or N( 0513^1)3. 

Methyl-ethyl-plienylamiiie NMeEtPhor NCCHaXC^sXCgH,). 

Pyridine N(C,HJ 

Picoline * N(C,H,y 

Lutidine N(C,HJ 

CoHidine N(C,HJ' 

Parvoline NCC.HJ' 






The constitution of the triad radicals contained in the last 
five bases is not known. 

2. When phenylammonic chloride (anijine hydrochlorate) and 
methylic alcohol are digested together, at from 280° to 300°, 
the non-phenylic hydrogen becomes replaced by methyl, 
thus:— 

NPhHgCl + MeHo = NPhMeH^a + OH,. 

Phenylammonio Sfethylio Methylphenylammonio 

chloride. alconoL chloride. 



NPhMeH,Cl + MeHo = NPhMe^HQ + OH,. 

Methylphenylammonio Methylio Dimethylphenylammonio 

chloride. alcohol. cnloriae. 

By continuing the digestion longer, the phenylic hydrogen ia 
also replaced by methyl according to the following reaction :— 

N(C,H,)M:e,HCl + MeHo » N(C,H,Me)Me,Ha + OH,. 

Dimethylphenylammonio Methylio Dimethyltol;|rla2nnionio 

cnloriae. alcohol. chloride. 
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By these reactione the following tertiary monaminea haye 
been produced ; — 



* 



.Dimetlijlaiiilino W(C,H,)M:e,. 

Dimetfiyltoluidine N(C,H,Me)Me,. 

DimethylxyHdme W(0^,MeJMe,. 

Dimetliylcumidijie N(C^^MeiMe,. 

Dimethylcymidine NCC.HMeJMe^. 



The final product which may be expected to result from this 
reaction, N(C„Me5)Me.j, has not yet been obtained. 

Tertiary monamineB, when acted upon by the iodides of 
monad positive radicals, yield iodides which are not deoompoaed 
by potaasic hydrate. In this mannor tertiary monamineB may 
be distinguished from primary and secondary monaminea. The 
three may be distinguiBhed from each other by the alternate 
action of ethylic iodide and potasaic hydrate ; thus, aa we have 
juat aeen, tertiary monaminea are recognized by producing im- 
mediately iodides which are not decomposed by potaasic hy- 
drate; a secoiidary monamine, however, produces an iodide 
decomposable by potaasic hydrate ; "but the base thus liberated 
is tertiary, and will therefore be transformed immediately into 
the stable iodide by a second application of ethylic iodide. A 
primary monamine requires tliree applications of ethyhc iodide 
and potassic hydrate to produce the same result. 



B. diamin:es. 

Formaiion. — The diamines are formed by coupling together 
two atoms of nitrogen in two molecules of ammonia, or of a pri- 
mary or secondary monamine, by a dyad radical, which at the 
Bame time takes the place of tww atoms of hydrogen ; thus : — 

fWH, fKH fK fNEt" 



I 



fNH, fNn fK f^ 

\ Et" . \ El",. J Et", OP -^ E 

lira, Imh [w In 



02 
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' This reaction is effected by treating ammonia or a primary 
or secondary monamiae with the haloid salt (preferably a bro- 
mide) of the dyad radical, thus :— 

fNH3Br 

2NH3 + Et"Br„ = ^Et" ♦ 

(NHaBr 

Ammonia. Ethylenio Ethylene-diammomo 

dibromide. dibromide. 

When the salts of ethylene diammonium are decomposed by 
potassic hydrate, an oxide of the compound nitrogenous radical 
is produced, thus : — 



2E:Br. 



f NH3Br f NH3-^ 

A Et" + 2KHo « i Et" O + OH, 4- 

' Ethylene-diaxn- Potassio Ethylene-diam- Water* 

momo dibromide. hydrate. monio oxide. bromide. 

In this respect most of the diamines differ from the monamines. 

Urea and its derivatives belong to the class of diamines. 

These compounds are produced by boiling a 'solution of 
ammonic cyanate or ethylammonic cyanate, or a homologue of 
the latter. In these compounds, the two atoms of nitrogen 
are held together by the dyad radical carbonyl, CO : — 



Ammonio cyanate. Urea. 



CO . 

ura. 



f NHEt 
CN"'(NvEtH,0) = -^ CO 



1 



NH, 



Ethyl-ammonio Etiiyl area* 

cyanate. 

By heating ammonic carbonate to 130°-140° in closed vessels 
for a few hours, urea is produced : — 

fNH, 

co(]srKO), tt= ^ CO + 20a:,. 

Ammonic carbonate.- Urea. Water. 



UREA* 
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TJreas in which ethyl and other monad positive radicals are 
substituted for hydrogen may also be obtained by the action of 



CN'"Eto 


+ 


NH, «^ 


NHm 

CO . 
NH, 


Etbylio 
cyunate. 




Ammonia, Ethyl urea. 


CN'"Eto 


+ 


NFjEt = ^ 


NHEt 

CO . 

NHEt 


Ethylio 
cyanate. 




Ethjlamine. 




Diethyl urea. 



Beaction, — ^TJrea is decomposed by nitrous anhydride : — 
CO' + N,0, = CO, + 2N, + 20H,. 



NH, 

Urea. 



IS'itrouB Carbonic 

anhydride, anhydride. 



Water. 



The following is a list of the best-known diamines : — 
Ethylene diamine ^ Et" . 



Ethylene diethyl diamine 



Urea 



Sulphur urea 



WHEt 

Et" .. 
NHEt 

NH, 
CO . 
NH, 

NH, 

CS" . 
NH„ 



NHEt 

Ethyl urea ^ CO 

NH„ 



Sulphophenylurea. 



fNHPh 

CS" , 
NH.. 
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C. TBIAMINHS. 

To this class of organic bases belong many of the aniline 
colours and their derivativesb. 3iaui)eine was the first discovered 
of these bodies ; it is obtained by the action of concentrated 
sulphuric acid and red potassic chromate upon aniline. It is 
also produced by heating the coloured product obtained by the 
action of a solution of bleaching powder upon aniline. The 
molecular formula of mauveine is 

It is probably a tetramine with the constitution shown in 
the following formula : — 

N,(C,HJ',(C.H,)",H,. 

Mosaniline is obtained from a mixture of aniline and tolui- 
dine by the action of various reagents, such as carbonic chloride, 
stannic chloride, mercuric chloride, ferric chloride, cuprio chlo- 
ride, the sulphuric and nitric salts of tin and mercury, and, 
lastly, arsenic acid which has superseded all other reagents for 
the technical preparation of the salts of this base. 

By the replacement of hydrogen in rosaniline by positive 
radicals, other bases, forming with acids valuable colouring- 
matters, are produced. 

The following is a list of the best-known of these bases :•— 

Bosaniline, the base of ma- 1 jg /T tt VYP TT \' TT 
genta J ^^ ® ^^ ^ "^ 6/ 2-"^' 

^ Phenyl rosaniline, the base 1 ivr /n tt \'fr tt \" "pi.tt 
of dahline 1^3(^11,) (O.lie) ^Jr^hH,. 

Diphenyl rosaniline, the base 1 -rt /n tt \'vn tt \" t»i. tt 
of aniline violet / ^aC^HJ i^,^,) 2-Pb,H. 

Triphenyl rosaniline, thebase 1 -rt /n tt v/n tt \" t«. 
of aniline blue / ^aC^eH,) (C,He) .Ph,. 

Tritolyl rosaniline, the base 1 ly /p tt \,fc^ tt ^" /n tt \ 
of toluidine blue J "3(^6^4) \yi^) l^i^h* 
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Trietliyl rosaniline, the base 1 i** /p tt ^m tt v t?*- 
of Hofmann's violet | "aC^llJ C^^e) 2^V 

Chrysaniline, Nichoisoa's 1 tvj ri tt 
yeUow |J^3^o^ir 

Leukaniline 'N.fi^^'K^^, 

Hosaniline appears to be formed by the abstraction of three 
molecules of hydrogen from one molecule of anQine and two 
molecules of toluidine, thus : — 

N(C,H,)H, + 2N(C,H,)H, - 3H, = N,(CA)"(C,H^",H,. 

Aniline. Toluidine. Sosaniline. 

The phenyl derivatives of rosaniline are produced as salts of 
hydrochloric acid by heating rosaniline hydrochlorat6 with 
various proportions of aniline, thus : — 

•''(N,)x'(C,HJ'(CA)"ACl -i- NPhH, = 

Bosaniliue hydroohlorate. Aniline. 

'•(N,)«'(C.H,)"(C,H.)",PhH,Cl + NH,. 

Fhenyl-Tosaniline hydroohlorate. Ammonia. 

"(N,)«(C,HJ"(C^,)",H,C1 + 2MPhH, = 

Bosaniline hydroohlorate. Aniline. 

"(N3)''(C,HJ'(C,H„)",Ph,H,Cl + 2NH,. 

Diphenyl-rosaniline hydroohlorate. Ammonia. 

"(N,)-'(C,H,)"(C,H,)"^,C1 + .STfPhH, = 

Bosaniline hydroohlorate. Aniline. 

"(N3)-'(C.H,)"(C,H,)",Ph3HCl + 3NH,. 

Triphenyl-roeuiiline hydroohlorate. Ammonia. 

The salts of tritolyl rosaniline are formed by analogous 
reactions. 
Triethyl rosaniline is obtained by heating to 100°, in a 
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close vessel, rosaniline with ethylic iodide dissolved ixk al- 
cohol :— 

N3(C,HJ"(C,H,)"A + SEtl. = N,(C,H^"(C^"^ 

Bosaniline. EthWip 740lihjl roMUiiliiie. 

iodiae. 

+ 3HI. 

Hydriodio 
acid. 

Trimethyl and triamyl rosaniline are obtained by analogous 
processes. 

Chrysaniline is formed as a secondary product in the manu- 
facture of rosaniline. 

Leukaniline is produced by the action of zinc upon an acid 
solution of rosaniline : — 

Bosaniline. Jjenfranfline, 



OTHUE AMINES. 

Subjoined are the names and formulae of a number of organic 
bases which cannot at present be satisfactorily classified : — 

Guanine C.H.N^O. 

Guanidine C(NH)"(NH,)(NHJ 

or C(NH)"Ad,. 

H H 



isr— c— N 



H N H 

I 
H 

Furfurine C^.^^^^O^. 

Amarine Cg^HigNa. 

Thialdine C^H^gNS,. 

Dibutyraldine C,H„NO. 

Acridiip Cj^Hi^Nj. 
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Me— C= N— N= C— Me 

V 

Cyanmethine ... '^,)'^(CMe)"', ... Ill 

Me 
Et— C=N— ^=0— Et 

V 



Cyanetbiiie "(N^fCCEt).'", 



Et 



THE NATURAL ALKALOIDS. 

Of the constitution of these organic bases very little is 
known. The following is a list of the chief of them, with the 
sources whence they are derived : — 

Alkaloids from Opium, 

Hydrocotamine C^H^NOa, 

Morphine Ci^H^gNOg. 

Codeine QgH^^NOg, OH,, - 

Thebaine CigH^iNOa. 

Protopine CaoHigNOg. 

Papaverine CjoHaiNO^. 

Cryptopine CaiHjjNOj. 

Laudanosine CajH^NO^. 

Narcotine C22H23NO7. 

Narceine CjjHj^NOo. 

From Cinchona Barh, 

Quinine C^^B^fi^. 

Cinchonine C^^B^fi. 

Aricine Cj^HjeNjO^. 
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From nightshade. 
Atropine C^HajNOg. 

• • • • • • 

From Tobacco, 
Nicotine C^oHj^Nj. 

From Nux vomica, 

Strjclinine C^^^fi^. 

Brucine CgaHjeNjO^. 

From Tea, Gqffee^ and Cocoa. 

Theobromine C^HglST^O,. 

Caflfeine (Theine) CgHjoN.O,. 



2, 3, 4. TEF FSOSPEIJSTFS, AB8INES, STIBINES, 

AND BISMVTRINES. 

The bases containing phosphorus may be obtained, like the 
amines, by the displacement of hydrogen in phosphuretted hy- 
drogen. The tertiary compounds onljr of arsenic, antimony, 
and bismuth are known ; and they are produced by reactions 
of which the following may be regarded as a type : — 

AaNa3 + 3EtI = AsEtg + 8NaI- 

. Sodio JSth^lio . . Triethyl Sodio 

arsenide. iodide. arsine. iodide. 

Primary and secondary phosphines are obtained by the 
action of methylic or ethylic iodide and ziucic oxide upon phos« 
phonic iodide. With ethylic iodide the following reactions 
occur: — 

2PHJ + 2EtI + ZnO = 2PEtH3l + Znl, + OBL,. 

Phosphonio Eth^lio Ethvl- Water, 

iooide. iodide. phoBpnonio 

iooide. 

2PHJ 4- 4EtI + 3ZnO = 2PEt,H(ZnT)I + 30H, + Znl,. 

Phosphonio Ethjrlic Dlethyl-phcfs- Water, 

iodide. iodide. phonic zincic 

iodide. 
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These reactions take place aide by aide ; but the primary and 
Bocondary pboaphiiieH are readily separated from each other by 
the conaecutiye actioa of water and alknlies upon the products 
of the above operation. 

The addition of water to the mLxed product liberates the 
primary pBosphine from its compound, whilst the compound of 
the secondary phoaphine resists even boiling water, but easily 
decomposes under the influence of alkalies. 

The tertiary phoaphinea are produced by the action of tha 
zine compounds of the monad positive radicals upon phoapho- 
rous chloride : — 



». 



SZnEt, + 2P01, = 2PEt, + 3Zi»Cl,. 



Zinsis ethMs. PfaoB[,horoii9 Trinlhji 

Ohlorida, phoiphme 



^ey may also be obtained in combination with hydriodic 
acid by the action of phosphonic iodide upon the alcohols ; — 
PHJ + 3EtIIo = PEt3HI + SOH,. 

Phosiihonio ElhjHd TricLhjl- Wnkr. 

iodide. alojnol, pTiosiiliimii] 

By the action of alkaliea upon triethyl-phoBphouic iodide 
fcrietbyl phosphine is liberated : — 

PEt,HI + KHo = PEt, + KI + OH,. 

TriMSjl- Tripllijl- Water, 

phoaphonin phoapluno. 

The following Table contains the namea of the known phoa- 
phiaes, arsines, and Btibiuea ; — 



I Methyl phosphine PMeH^ —14°. 
Ethyl phosphine PEtH, 25°. 
: 



Frimary FliospTiin 



Secondary Pkotphines. 

Dimethyl phosphine PMe„H 25°. 

Diethyl phoHpbine PEt^H bS". 
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Tertiary Phosphines, 

Formula. Boiling-point. 

Trimethyl phosphine PMes 41^ 

Triethyl phosphine PEtg 1279-6. 

Tertiary Arsines, 

Trimethyl arsine AsMog 120^. 

Triethyl arsine AaEtg 140°. 

Tertiary Stihines, 

Trimethyl stibine SbMCg 

Triethyl Btibine SbEt, 158^ 

Triamyl stibine SbAyg 

Tertiary Bismutliine, 
Triethyl bismuthiDe BiEtg 



Character, — The phosphines, arsines, stibines, and bismuth- 
ines possess very energetic affinities for negative elements. 
Many of them are spontaneously inflammable in air and oxygen. 
Host, probably all, imite with an atom of oxygen or a molecule 
of chlorme, bromine, or iodine, forming compounds in which the 
grouping element becomes pentadic. Thus, by the absorption 
of oxygen, triethyl-phosphine is transformed into phosphoric 
triethoxide:-- 

PEtg + O = PEtgO, 

Triethyl- Phosphoric 

phosphine. triethoxide. 



5, OXTBMES. 
These compounds are only known in the arsenic series. 

Arseniom oxyhases. 

Only one of these, cacodylic oxide, has been carefully inyes- 
tigated. 
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■ By tlio diatillatioa of potaasic acetate with arsenious anhy- 
dride, a, compound known us cacodyl, 'A.a'\M.0^, ia produced. 
This anbatance may also be prepared by the a,ction of methylio 
iodide upon an alloy of Bodian and arsenic containing 
'Aa"^Na,:— 

'As",]Sra^ + IMel =. 'A»",Me^ + ■IN'bI. 

Bodlo UothvUn Cuodjl. Sodlo 

BTBuairlCp iodiiti. iodide. 

By allowing cacodyl to absorb oxygen slowly, an oily liquid 
containing cacodylic oside {A8jMe,0) is formed. 

Thia oxybaae doea not appear to unite with oiygen acida, 
but it ia attacked by hydrochloric acid, forming cacodylic chlo- 

AsMe, 

+ 2HC1 = 2A»Me,Cl + OH,. 

AiMe, 

Carodjlio Hrdrochlorio Camdylio WitrjP. 

uiidv. add. cUoridt. 

Cacodylic oxide, when cipoaed to moiat air, abaorba water 
and oxygen, forming cacodylic acid : — 

Aa^Me^O + 0, + OH, = 2AsMe,OHo. 

H^H^ Cacodyl is W&tar. Cscodvlic 

■^ CHAPTER XXIX. 

OSGMflO OOMFOVNDS OF TSIAJ) NITROGEN 

^^ AND OF ITS ANALOGUES {continued). 



^ 1. THIS AMIDES 

Theae eornpounda are formed by the aubatitution of amidogen 
(NH,) for tlie oxatylic hydrosyl of organic acida. They are 
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most convenieiitlj written on the diadelpUc type, but may also 
be formulated upon the ammonia type. 

If the acid contain only one semimolecule of oxatyl, a mom^ 
•mide is the result ; if two semimolecules of oxatyl axe present 
in the acid, a diamide is generally formed, &c. Secondary and 
tertiary coxnpopnds can aUo be produx>ed, as ia tte c».<i of the 
amines ; but they belong to the negative section of this family^ 



A. M0NAMIDE8, 
I. Primary Mbnamides, 



Acetamide :- 



. Chloracetamide: — 

Benzamide : — 

{ KSf'^^'"' NHIC(C^,)0], or { §5^^. 

Formation. — 1. By the distillation of the ammonic salts of 
the monobasic acids : — 

{cO(N^H,0) =" {co(N"'ig + ®^- 

Ammonio Acetamide. Water, 

acetate. 

2. By the action of ammonia upon the chloracids : — 
(cOCl + NHa « {cO(N"'H,) + '^^ 

Aoetjlie Amtnnnin. Acetamide. Hydroobkfio ^ 
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3. By the actioE of ammonia on tte ethereal salte of the 
monohaBic acide: — 

{oteio + ira. = {oolw'Hi + ™°' 

Ethrlic Ammaoja. Adutamidi!. AI«iIidL 

Seaetiong.~~l. Boiled with aqueoua solutiona of acids, tli6 
primary monamides yield ammome salts and aeids: — 

{oO(N-H.) + =C1 + OH, = NH.Cl + [%^^. 

Acetonu^. HjdrochloriD W&teT' Amnonjo Aoebui 

ludd. cUoride. add. 

2. Boiled with potassie hydrate, ammonia is evolved, and 
a potaaeic salt, corresponding to the amide, is formed. 

(to(N»bj + KHo _ nh. + {°s^„. 

Acttamide. Fotamio Ammaniiv Fotosaio 

hjtinita. Bcetnte. 

II, Secondary Monamides. 

CO 
^_, Diatetlmide ... NrCMeOlH or < NH . 

K. I.CH, 

y^ rrco T' fco^ 

^ SucciEimide NH \ C„H. or -^ Et" (N'"H)". 

L I CO J [ COJ 
These bodies possess a negative cliaracter, and are treated of 
under the negative section of this class as imides of negative 
radicals (p. 210). 

Tertiary monaniides are little known. They are the nilrtdet 
egative radicals (see p. 210). 



If 



B. SIAMWES. 



The diamides may ho regarded ob derived from two moleculea 
of ammonia^ by the substitution of a dyad negative radical for 
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two atoms of hydrogen ; op they may be considered to be formed 
by the substitution of amidogen for the hydroxyl contained in 
the two semimolecules of ozatyl in dibasic acids :-— 

Primary Diamidei. 
Oxamlde .■.jocA)" or {cOAd' 
Sueoinamide. . . N,H,(C,H,0,)" or N^, 



Ek" 
CO 



fCOAd 

, or-^Et" . 

I COAd 



Formation. — 1. By the actioa of heat upon the normal am- 
monic salts of dibasic acids : — 



CO(N»H.O) _ fCO(N"'H,) , 20H 
CO(N'H.O) ~ \CO(N"'H,) + '*""«• 



{ 

Anunonio oxalate. Oxamide. Water. 



2. By the action of ammonia on the ethereal salts of dibasic 
acids : — 

fCOEto . ofra -. (GO(N"'K,) , «p.^^ 

EtbrliO' Anubonia* Oxaraide. , JUodioL 

oxalate. 

3. By the action of ammonia on the chloro-dibasic acids : — 



f COCl 
4NS, + J. Et" 

[ COCl 



(O0(S"'^EL^ 
Et" + 2NH,C1. 

.CO(N"'H,) 



Ax^molua. Bnccinvlio Sttodnamide. Anunonio 

chloriae. chloride. 

tThe secondary and tertiary diamides are but little known. 

C. TBIAMLDUS. 

Primary JHamides, — ^The primary triamides may be regarded 
as derived from tribasic acids by the substitution of amidogen 
for the hydroxyl contained in the three semimolecules of oxatyl 
of these acids, or as derived from three molecules of ammonia 
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by the replacement of three atoma of hydrogea by the residue 
of a tribasic acid. A good example of a triamide is 

[ CHHo(COAd) 
Citramido \ CH(COAd) or NA(C,H,0.y". 

iCH^(COAd) 
CiCramide ia formed by the action of ammonia on ethylic 
citrate. 
Secondary and terliary Iriamides have not yet been formed. 



2. TBE ALKALAMIDES. 

These compounda occupy an intennediate position between 
the amines and the amides. They arc derived from ammonia 
by the aubatitutioQ of part of the hydrogen by positive, and 
part by negative radicals; and inasmuch as two atoms at leaat 
of hydrogen must be ao substituted, no primary alkalamide can 
exist. 

Secondary and tertiary monalkalamideB, dialkalaraidea, and 
trial kalamides are known. 

Ethyl acetamide NHEt(CMeO). 

Ethyl diacetamide NEt(CMeO),. 

Diethyl oxomide N,H,Et.XC,OJ'. 

Diphenyl-carbonyl-oxalyldiamide N,(C,HJ,(CO)"(C,0,)". 

Citryl-triphenyl-triamide N3lt,(C„HJ/C.H,0J'". 

The alkalamidea incline towards a positive character, their 
degree of alkalinity being about equal to that of urea. 



3. TRE TmcnLOnmATED AJiS TRIBROMI- 
NATED AMLSES. 

If the hydrogen in an amine be gradually substituted by 
chlorine or bromine, the bn«ic cbara«ter of the amine gradually 
diminishea, and finally a neutral compound ia obtained. 

This reaction ha^ been studied in the case of aniline, which 
VOL, n. p 
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loses basic energy by the successive replacement of two atoms 
of hydrogen, and finally becomes neutral by the substitution of 
three atoms of chlorine or bromine for three of hydrogen : — 

NH,(C,H.). NH,(C,H,a). NH/CACl,). NH,(C^,C1.). 

Aniline. Ghloraniline. Diohloraniline. Trichloraniline. 



4. TRB SALOID COMPOUNDS OF 0XTBA8ES. 

These bodies are only known in the arsenic series ; they are 
formed by the action of chlorine, bromine, or iodine upon 
cacodyl and its homologues, or of hydrochloric acid, hydro- 
bromic acid, or hydriodic acid upon the oxybases. 

General formula ^^(S^^2n+\)S^^' 



Neoatite Section. 
TSJS IMIBUS AND NITBIDJE8. 



Greneral formula . . . 



\ of imides . . . NH(aHo,_iO)„ 
of nitrides . N(C»H2n-iO)3. 



Formation. — ^By the action of chloracids (the so-called chlo- 
rides of negative radicals) upon amides : — 
NH,(CMeO) + CMeOCl = NH(CMeO), + HCL 

Acctamidc. Acetylio Diacetimide. Hjdioohlorie 

chloride. acid. 

A repetition of this reaction gives acetylic nitride, which may 
also be obtained by heating a mixture of acetonitrile and acetic 
anhydride to 200°. 

An imidc may also be formed by the substitution of a dyad 
negative radical for two atoms of hydrogen in ammonia, thus : — 

rrcoT' 

Succinimide NH(C,H O )", o^ NH ^ Et" . 

LlcoJ 

Tliese bodies have hitherto received but little attention. 
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CHAPTER XXX. 

n. C0MF0J7NJD8 OF FUNTAD NITROGEN 
AND OF ITS ANALOGUES. 

This class of compounds contains the following series :— 



1. Canstio Nitrc^en bases. 

2. „ Phospnorus bases. 

3. „ Arsenic bases. 

4. „ Antimony bases. 

5. Ozyarsenic bases. 

6. Oxyantimonio bases. 



1. 
2. 
8. 
4. 

6. 
6. 



Neuiral. 

Baits of Amines. 

Phosphines. 
Arsines. 
Stibinss. 

Oxyarsenic bases. 
Oxyantimonio bases. 






1. Organic arsenio 
acids, oxycblo- 
rides, and chlo- 
rides. 

2. Organic antimo- 
nio acids. 



FOSITIVE COMPOUNDS 

1. Caustic Nitrogen Bases, — 

General formula N(CnH2,,^.i)^Ho. 

In each positive radical n must be a positive integer. The 
radicals need not be all of the same atomic weight. 

Formation- — ^By the action of argentic hydrate upon the 
iodides of the compound ammoniums : — 

NEtJ + AgHo = NEt,Ho + Agl. 

Tetrethylammo- Areentio Tetrethylammo- Areentio 

nio iodide. hydrate. nio hydrate. iodide. 

2. Caustic FTiospJiorus Bases. 
8. Caustic Arsenic Bases, 

4i. Caustic Antimony Basses, — 

By displacing the N in the above general formula and in the 
equation by P, As, and Sb, the constitution and formation of 
these three series of compounds will be expressed. 

5. Oxyarsenic Bases. — These bodies, which are diacid bases, 
are obtained by the slow oxidation of the tertiary monar- 
sines : — 



A«(C„H2„+i)3 + O 



Tertiary monarsine. 



A«(aHj^,),0. 

Oxyanenio base. 

f2 
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6. Oxyantimonic Bases. — These are formed in a manner 
exactly analogous to that in which the oxyarBenic bases are 
produced. 

NEUTRAL COMPOUlWa. 

1. Salts of Amines. 
General formulae : — 

N,(C„H^)"(C„H^)"AC1,. 
N,(aH^.,)"'(C„H^.x)"'ACl.. 

In the first formula m may =0 ; in the second, CJBi2m niay be 
displaced by Hg ; and in the third, C^Hzw-i may be substituted 

Formation. — Like the analogous compounds of ammonia, the 
salts of the amines are formed by the direct union of acids with 
the amines without elimination of water, thus : — 

NEtH^ + HCl = NrEtH3CL 

Ethjlaxnine. Hydrochlorio Ethvlammonio 

acid. chloride. 



The haloid salts of the amines may also be produced by the 
union of the haloid ethers of the monad positive radicals with 
the amines (for reaction see p. 192). 

Character. — The salts of the diamines and triamines are often 
found to contain only one molecule of acid, instead of two or 
three as shown in the above general formulae, which indicate the 
composition of the normal salts. The nitrogen atoms are in 
such cases united together by one of the bonds of each, besides 
being linked by the polyad radicals, thus : — 

'N-'%(C,H^)"(C„H^)",H(NO,) ; 
«'(N3r(C»Hs,_i)"'(C«H^.i)"',HCl. 

The difference between these two classes of salts will be ren- 
dered more evident by a comparison of the following graphic 
and symbolic formulae : — 
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N ^Et"- 

■/\i 



Iformal Salts. 



f NH,C1 
—N or N-H,Et"CLor-^Et" . 

h/^H I NH3CI 



H H JO. XL V. -"3 

Ethylene-diammonio dichloride. 

N Et" N ^Et" N 

Diethjlene-trianunonic trichloride. 

. I Efc" 
or NgH^Ef'^Clg or ^ NH,C1. 



Et" 
LNH3CI 



Monacid Salts. 

N Et" N or 'N",F,Et"Cl cr ■ 

H/^ ^H 

Ethjlene-diammonio xnonoohloride. 



]sr — Et". 



H 



/\. 



r 



-Et". 



H 



— N 



NH„cr* • 



CI 



Diethjlenc-tiiammonic monochloridc. 

or "(N3)»'HeEt",Cl or - 



INKCr'' 



Diacid Salt, 



CK/H r 

N Et" N- 



•Et". 






H^H n^^H H^^H 

Diethylene-trianunonio dichloride. 

Nir3CiTi..., 

or "(N3)^''H,Et",Cl, or fNH, t!,,,. 

t NH,Cr ' 
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2. Salts of PliospTiines, 

3. Salts of Ar sines. 

4. Salts of Stihines. 

These three series of salts all present close analogies with the 
salts of the amines both in constitution and in the mode of their 
formation. The mode of formation of several of them is shown 
at pages 202 and 203. 



5. Salts of Oxy arsenic Bases, 
A3(C„H2„+i)3Cl2. 

Formation. — By the action of acids on the oxyarsenic bases :• 
AsMe30 + 2IIC1 = AsMe3Cl, + OH, 

Arsenic ITydrochlorio Arsenic trimetho- Water, 

trimethoxide. acid. dichloride. 



G. Salts of Oxyantimonic Bases, 

These resemble the previous salts in formation and consti- 
tution. 



NEGATiri: COMPOUNDS, 

1; Organic Arsenic Acids, Oxycldorides, and Chlorides, 

The following are the principal bodies of this class : — 

Monomethy larsenic acid AsMeOHo,. 

Arsenic oxydichlormefchide AsMeO Clj,. 

Arsenic tetrachlormetliide AsMeCl^ 

Cacodylic acid AsMojOHo. 

Cacodylic trichloride A3MeaCl3. 
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2. Organic Antimonic Acids, 

No exploration of this series has yet been made. The 
members of it will doubtless be found to have close analogies 
with the corresponding series of arsenic compounds. 



CHAPTER XXXI. 

OBOANO-BORON AND SILICON COMPOUNDS. 

This family is divided into the two following classes : — 

1. Organo-boron compounds. 

2. Organo -silicon compounds. 

1. OrganO'horon compounds. 

These compounds contain boron directly united with the 
carbon of monad positive radicals, and are thus distinguished 
from organic compounds containing boron, as seen in the fol- 
lowing formulae : — 



Organo-boron compound. 

H H 



Organic compound containing boron. 
11 11 



H— C— B— C— 11 



11 



H 



n— C— H 



ll-'C— O— B— 0— C— 11 

H— c— n 



H 

Borio methide. 



11 

Mcthylio borate. 



The organo-boron compounds are produced by the replace- 
ment of methoxyl or ethoxyl in methylic or ethylic borate by 
monad positive radicals. Hitherto only the radicals methyl 
and ethyl have been thus combined with boron. 
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BOBIC METHISE. 

B(CH.)3, or BMe,. 

Molecular weigJit =66. Molecular volume I I L 1 litre ofhorie 
methide gas weighs 28 criths. Condenses at 10^ under a 
pressure offowr atmosplieres, 

Preparation, — By adding to ethylic borate an ethereal 
solution of zincic methide, when boric methide is evolved as 
gas:— 

2BEto3 + SZnMe^ = 2BMe3 + aZnEto^. 

Ethjlio Zinoio Borio Zinoio 

[borate. methide. methide. ethjlate. 

Beactions. — 1. Inflames spontaneously in air or oxygen. 

2. Combines energetically with ammonia, fonning ammonia- 
boric methide : — 

NH3 + BMe, = NHgjBMes. 

Ammonia. Borio Ammonia-borio 

methide. methide. 

3. Boric methide combines readily with potash, soda, lime, 
and baryta, forming compounds the composition of which is 
not known with certainty. 

AMMONIA-BOBIC METHIDB. 
NH3,BMe3. 
Molecular weight =73. Molecular volume (anomalous) 



Fuses at 56°. Boils at 110° 1 litre of ammonia-boric 
methide vapour weighs 18*25 criths. 
Formed as above described. 

Beactions, — 1. Cupric chloride absorbs ammonia from the 
vapour of ammonia-boric methide, reducing the volume of the 
vapour to one half and leaving boric methide gas : — 

6(NH3,BMe3) + 3CuCl, «= 2CnCl„6NH3 + eBMe,. 

Ammonia-borfo Ammonia-onpric Borio 

methide. chloride. methide. 
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2. Ammonia-boric methide is readily decomposed by acids ; 
even carbonic acid decompoaes it. With hydrocbloric acid the 
reaction is : — 

WH^BMe, + HCl =1 NH.Cl + BMe^. 



BORIC ETHIDE. 

B(C,H,), or BEtj. 

Molecular weiglit =93. Molecular volume pTl - 1 '''''^ "f 
boric efkide vapour weigl'a 49 criths. Soils at 95° C. 
Sp. ffr. of liquid -6961 at 23°. 

Preparation. — By the action of zincic ethide upon ethylie 
borate : — 

2BEto, + SZnEt; = 2BEt, + 3ZnEto,. 

Ethjlio Zincia Bono Zindo 

iKirDle. rUude. etJiidi'. ulhjlnh.'. 

Seactiont. — 1. Inflames Bpontnneously in air, and esplodes in 
osygen. 

2. Allowed to oxidize gradually, boric ethide forma boric 
etbo-diethylate : — 

BEtj + 0, = BEtEto,,. 

3. Heated with hydrochloric acid to 99°, it slowly evolves 
etbylic hydride, and ia converted into boric dietho-chloride ; — 

BEt, + HCl = BEt,Cl + EtH. 

Bono Borio diFtho- Gthf lia 

eUilde. cUoride. hydride. 

4. Boric ethide combinea very energetically with ammoniacal 
gSB, forming ammonia-boric ethide : — 

NH, -f BEt, = NH.^Et,. 

Amm^ik. Boria Amrnnnia-boric 

■tbidt. Fthide. 
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BOEIC ETHO-DIETHYLATE. 

BEtEto^. 
Soils at 125° C. 

Preparation, — By the slow action of oxygen upon boric 
ethide as above described. 

Reaction, — In contact with water it is instantly decomposed, 
forming horio etho-dihydrate : — 

BEtEto^ + 2OH2 = BEfcHo^ + 2HEto. 

Boric etho- Water. Boric etho- AlcohoL 

diethjlate. dihydrate. 

AMMONIA-BOEIC ETBIDE. 

NH3,BEt3. 

Eormed by the union of ammonia gas with boric ethide as 

above described. 
Beaction, — Decomposed by acids but not by carbonic acid. 

With hydrochloric acid the reaction is as follows : — 

NH3,BEfc3 + HCl = NH.Cl + BEtg. 

Ammonia-borio Ammonio Bono 

ethide. chloride. ethide. 

2. Organo-silicon compounds, 

• The great similarity in chemical functions between carbon 
and silicon seems to justify the anticipation that a great number 
of compounds of silicon will be produced analogous in consti- 
tution to the organic compounds of carbon. Already several 
such compounds are known, as for instance : — 

Silioo-oompoonds. Organic analogaes. 

SiH,. CH.. 

Silicic hydride. Marsh gas. 

SiHCl,. CHCI3. 

Silicon chloroform. Chloroform. 

rSiHO 

o 

SiHO 

Silicoformic Unknown 

anhydride. formic anhydride. 
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Eollowing the analogy of organic compounds, the substitution 

of one of the atoms of hydrogen in silicic hydride by. the 

hitherto unknown radical silicon methyl (SiHg) would yield 

a body constituted like the molecule of methyl or ethylio 

hydride, 

r SiH3 
I SiHg- 

Erom this, silicoethylic chloride (Si2H5Cl) ought to be ob- 
tained ; and then, by the substitution of hydroxyl for chlorine, 
the silicon-analogue of common alcohol (Si^H^Ho). None of 
these compounds containing silicon directly combined with 
silicon have hitherto been formed ; indeed, unlike the tetrad 
elements, carbon, tin, and titanium, silicon appears to have little 
tendency to form such compounds. Amongst the host of 
silicon minerals there is not one in which the assumption of 
the existence of silicon combined directly with silicon is ad- 
missible. Disilicic hexachloride (Si2ClQ) has, however, been 
recently formed. 

But, although these true silicon analogues of the more com- 
plex organic compounds have not hitherto been obtained, 
yet a large number of bodies which contain silicon atoms 
directly combined with carbon have been synthetically pro- 
duced; and many of these substances exhibit interesting 
analogies with corresponding compounds containing carbon in 
the place of silicon. These are the bodies which are included 
in the class of organo-silicon compounds. The following Table 
contains the names and constitutional formulae of the chief 
members of this class, together with those of their derivatives, 
such as ethylic silicate (SiEto J, which do not, strictly speaking, 
belong to it, inasmuch as they no longer contain silicon directly 
combined with carbon : — 

Name. Formula. BoUihg- 

point. 

Silicic methide SiMe^ 30-5 

[■ SiMeOg 

Disilicic oxy-hexamethylate \0 202 

I SiMeOg 
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Name. Formiila. ^pS?' 

o 

Silicic methylate SiMeo^ 121 

SiHcic ethide SiEt^ 152*5 

Silicic dimethylate ethylate SiMeo^EtOj 145 

Silicic chlortriethylate SiClEto, 156 

SiUcic dichlorethylate SiCl,Eto, 

Silicic ethylate SiEto^ 166*5 

Silicic triethylate amylate SiEtOg Ayo 220 

r SiEtOg 

Disilicic oxy-hexaethylate •< 235 

[ SiEtOg 

fSiEt, 

DisiUcic oxy-hexaethide <0 227 

[ aiEt, 

Silicic bydrotriethylate SiHEtOg 134 

Silicic ethotriethylate SiEtEtOg 158*5 

Silicic dieth-etliylate SiEt,Eto, 156*5 

Silicic trieth-ethylate SiEtgEto 153 

Silicic dietho-chlorethylate SiEt.ClEto 148 

Silicic chlortriethide SiEtgCl 143*6 

SiUcic dichlorethide SiEt^Cl^ 129 

SiUcic trichlorethide SiEtCl, 

SiUcic diethoxide SiEtjO . 

{SiEt 

OMeHCl ^^^ 

SiUconyUc alcohol {oMeHHo 

{CH 
OOfSiCH 0) ^^^ 

rsiEtOg 

SiUcic aceto-triethylate -j O ■ 

[OOlV-fe 

SiUcic acetylate Si(COMe), 

SiUcopropionic acid \ SiOH ^ 

SiUcic triethohydrate {Triethyl- f 0^,. -rj 16a-5 

silicol) 1 ^ 
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Si(CH3), 

or 

SiMe,. 



SILICIC HETHIDE. 



H 



H 



H 

-i 



H— C— H 



■Si- 



H 



H— C 

I 
H 



— n 



H 



i 



Molecular weight =8S*5. Molecular volume 1 I I . 1 litre of 
silicic methide vapour weighs 44i'25 criths. Boils at 30^5. 

Formation. — By the action of zincic methide upon silicic 
chloride at a temperature of from 120° to 200°. 

SiCl, + 2ZnMe, = SiMe, + 2ZnCL,. 



Silioio 
chloride. 



Zincio 
methide. 



Silicic 
metiiide. 



Zincio 
chloride. 



SILICIC ETHIDE. 

SiEt,. 

Molecular weight =14!4i*5. Molecular volume I I 1 . 1 litre of 
silicic ethide vapour weighs 72*25 criths. Boils at 152°'5. 

Preparation. — By the substitution of zincic ethide for zincic 
methide in the reaction last described, silicic ethide is pro- 
duced. 

Beactions. — Treated with chlorine, one atom of hydrogen is 
replaced by an atom of chlorine, and siliconylic chloride is 
formed : — 

- { cShci + Ha 

Siliconylic chloride* 



SiEt,(CMeH^ 

Silicic ethide. 



+ a. 
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At tlie same time a portion of the silicic ethide is converted 
into dichiorinated silicic ethide, which, when heated with 
aqueous alcohol and potassic acetate, yields disilicic oxyethide> 

r SiEtg 
O \ 



SILICIC TRIETHOHYDRATE. TrietJiyhsilicol, 

Molecular* weigJit ssl32' 5, Molecular volume rV} - 1 litre of 
the vapour weighs 66*25 criths. Boils at 153°'5. Sjp, gr, 
of liquid -8709 at 0°. 

Preparation, 1. By digesting silicic triethoethylate with 
water at 200° :— 

SiEtgEto + OH^ = SiEtgHo + OEtH. 

Silicic Silicic Alcohol, 

triethoethylate. triethohydrate. 

2. By the action of aqueous ammonia upon silicic chlor- 
triethide : — 

SiEtgCl + OH, + NH3 = SiEt3Ho + NH.Cl. 

Silicic Silicic 

chlortriethidc. triethohydrate. 



sniicoPROPiONic Acm 

f CMeH, 
I SiOHo- 

^Preparation* — 1. This acid, which contains the new negative 
radical SiOHo (that is to say, oxatyl in which carbon is re- 
placed by silicon), is prepared from silicic chlortriethylate by 
the following series of reactions : — 

1st. Silicic chlortriethylate is treated with zincic ethide and 
sodium, and thus converted into silicic ethotriethylate by the 
following reaction : — 
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2Sif!lP,to, + 


ZnEt^ 


s= 


ZnCl, 


+ 2SiEtEt03. 


Silicic 
hlortriethylate. 


Zincic 
ethide. 






Silicic 
ethotriethylate. 



2nd, Silicic ethotriethylate, which is a colourless liquid, 
smelling like camphor and boiling at 158°'6, is now heated with 
concentrated solution of potassic hydrate, when the following 
change takes place : — 

SiEtEtOg + KHo + OH^ = SiEtOKo + 3EtHo. 

Silicic Potassic Alcohol, 

ethotriethylate. silicopropionate. 

3rd. Erom the potassium salt, silicopropionic is obtained by 
the addition of hydrochloric acid. 

2. By heating silicic ethotriethylate with acetylic chloride to 
180°, silicic ethotrichloride is produced : — 



SiEtEto, + 3 



CH, e..^.r.i . o f CH 



= SiEtCl, + 3 



{ 



COCl "■ "'-^"^^a T '^^oOEtoV 

Silicic Acetylic Silicic Ethylio 

ethotriethylate. chloride. ethotrichloride. acetate. 

By the subsequent action of water upon the silicic etho- 
trichloride, pure silicopropionic acid is obtained as a white 
insoluble powder resembling silica : — 

SiEtCl, + 20H, = SiEtOHo 4- 3HC1. 

Silicic Silicopropionic 

ethotrichloride. acid. 



CHAPTER XXXII. 

OBGANOMETALLIC BODIES. 

This term is applied to a family of compounds in which an 
organic radical is united directly with a metal ; and it serves 
to distinguish them from other organic compounds containing 
metals, in which the metal and organic radical are indirectly 
united or linked to each other. 
Thus zincic ethide is an organometallic body, while zincic 
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ethylate aad zincic succinate are organic bodies containing 

metals : — 

H H H H 

Zincic ethide... ZnEt^. H— C— C— Zn— C— C— H 

Zincic etbylate... ZnEto^. 

H H H H 



H— C— C— 0— Zn— 0— C— C— H 



' i u 



H 



H 



CO— ^ H-C-C-0-^ 

Zincic succinate ...-{ OjIIj Zno". 1 Zq 

CO ' H— C— C— 0— >" 



u 



Many organic compounds containing metals are the deriva- 
tives of organometallic bodies ; thus zincic ethide by oxidation 
yields zincic ethylate— 

ZnEtj + 0, = ZnEtOaJ 

Zinoio Zinoio 

ethide. ethylate. 

and by further oxidation zincic ethylate can be converted into 
zincic acetate — 

gS:g?no" + 20, = gS^no" + 20H.. 

Zincio ethylate. Zinoio aoetate. Water. 

Another instance of the derivation of organic bodies con- 
taining metals from organometallic bodies is seen in the for- 
mation of potassic propionate by the action of potassic ethide 
upon carbonic anhydride : — 

OMeH,K + CO, - {%^S^ 

PotaaoLo Carbonic Fotaaaio 

ethide. anhydride. propionate. 



f 
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Formation of orgajiometalUc bodies. 



Organometallic bodies are produced in a large number of 
reactions, wbicb, bowever, may be cbtased under the following 
four heads : — 

I. B^ the imion of monad poaitive radicals in »iata nascenti 
with a metal, or by the coalescence of a metal with the iodide 
of a monad positive radical. 

Thus, when zinc and ethylic iodide are heated together to 
100° in closed vessels, zineic ethide ia formed : — 

2EtI + Za, = ZnEt^ + Znl,. 

iodjde- tithide. iodide. 

Sometimes light may be employed instead of heat to effect 
this change, as in the case of the organo-tin compouads. In 
the formation of organo- mercury compounds by this method, 
light is indiapenaable to the reaction : — 

EtI 4- Hg = HgEtl. 

EthjUo Wtttorie 

iodide. ethiodide. 

II. By the action of the respective metala alloyed with potas- 
sium or sodium upon the iodides or, in rare caaea, the bromides 
of the monad positive radicals. 

By this process there ia less tendency to form compounds 
containing both positive radicals and negative elements. Potas- 
sium or sodium compounds are neverproduced in this reaction, 
because they cannot eiist in the presence of ethylic iodide or 
its homologues. Thia process is well adapted for the formation 
of arsenic, antimony, tin, mercury, lead, bismuth, and tellurium 
compounds ; — 

4EtI + SnNa, = SnEt, + 4NaI. 

Eth/lio Tin indiojn BBiiniu Bodio 



J OL- n. 



2EtI + HgNa, = HgEtj + 2Nal. 

Elhjiia Bodivm Slorrnriis Sodi 
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20„H,Br + HgNa, = Hg(C.,H,), + 2NaBr. 

Naphthylic Sodium Merounc Sodio 

bromide (bromo- amalgam. naphfchide. bromide, 

miphthaline). 

III. By the action of tbe zinc compounds of the monad 
positive radicals upon the haloid compounds, either of the 
metals themselves, or of their organo- derivatives. 

For the production of organometallic bodies containing less 
positive metals than zinc, this method is generally the most 
convenient, and is of most universal application. Compounds 
containing mercury, tin, lead, antimony, and arsenic have been 
thus produced ; but the process has failed when applied to the 
haloid compounds of copper, silver, platinum, and iron ; for, 
although these bodies are violently acted upon, the organic 
radicals do not unite with the metal : — 



SnCl, 

Stannic 
chloride. 

SnCl, 

Stannic 
chloride. 



+ ZnEt^ = SnEt^Cl, + 



Zincio 
ethide. 



Stannic dichlor- 
ethide. 



ZnCl,. 

Zincio 
chloride. 



+ 2ZnEt, = SnEt, + 2ZnCl 



Zincic 
ethide. 



stannic 
ethide. 



2HgEtI + ZnEt^ = 2HgEfc, + 



Mercuric 
ethiodide. 



Zincic 
ethide. 



Mercuric 
ethide. 



a* 
Zincio 
chloride. 

Znl,. 

Zinoic 
iodide. 



IV. By the displacement of a metal in an organometallic 
•ompound by another and more positive metal. 

This method has been successfully employed for the forma- 
tion of the organo- compounds of potassium, sodium, lithium, 
aluminium, and zinc. In the first three cases the reaction takes 
place at ordinary temperatures, some of the original compound 
entering into the composition of the resulting organometallic 
body : — 

+ Zn. 
+ 3Hg. 
+ Hg. 



SZnEt, 


+ 


Na, 


= 


2ZnNaEt 


Zincio 
ethide. 








Sodic zincio 
ethide. 


SHgEt, 


+ 


Al, 


= 


'Al'"^, 


Mercuric 
ethide. 








Aluminic 
ethide. 


HgAy, 

Mercuric 
amylide. 


+ 


Zn 


= 


ZoAy, 

Zincic 
amylide. 
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Reactions of orgcmometallic bodies. 

1. The most interesting reaction of the organo- compounds 
of the monad metals is their transformation into salts of normal 
fatty acids by the action of carbonic anhydride (see p. 118). 

2. The organO' compoimds of potassium and sodium decompose 
the iodides of the monad positive radicals in the cold, forming 
hydrides and dyad radicals : — 

0,H,Na + 0,H,I = Nal + 0,H,H + C,H,. 

Sodio Eth^lio Sodio Eth^rlio Ethylene, 

ethide. iodide. iodide. hydride. 

3. The organO' comjpormds of zinc are decomposed by water, 
with formation of the hydrides of the radicals : — 

ZnEt, + 2OH2 = ZnHoa + 2EtH. 

Zinoio Water. Zinoio Ethylic 

ethide. hydrate. hydride. 

4. By the slow action of dry oxygen, they pass through two 
stages of oxidation : — 

ZnEtj, + = ZnEtEto; 

Zincic Zincio etho- 

ethide. ethylate. 

ZnEtEto -j- = ZnEtOj. 

Zincio etho- Zinoio 

etiiylate. ethylate. 

5. Monad negative elements, such as iodine, remove succes- 
sively the two atoms of ethyl : — 

ZnEta + I2 = ZnEtl + EtI : 

Zincio Zinoio Eth^lio 

ethide. ethiodide. iodide. 

ZnEtl + I3 « Znl^ + EtI. 

Zincio Zincio Eth^lio 

ethiodide. iodide. iodide. 

6. The organo-zinc compounds are extremely useful for the 
displacement of chlorine or its analogues by ethyl or its homo- 
logues : — 

2PCI3 + 3ZnEt, = 2PEt3 + 3ZnCl,. 

Phosphorous Zincio Triethyl- Zincio 

trichloride. ethide. phosphine. chloride. 

«2 
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SiCl, + 2ZnEt, = SiEt, + 2ZnCl,. 





Silido 
chloride. 




Zincic 
ethide. 


SiUcio 
ethide. 


Zincio 
chloride. 


r c,H,ci 








■ AEt 






2-^0 


+ 


ZnEt^ = 


= 2^ 



. C,ll,Cl 


+ 


ZnOl, 


Chlorether. 




Zincio 
ethide. 


Ethylo- 
nhlorether. 




Zindo 
diloride. 




r 0,H,Et 








■C,H,Et 






2^ 





+ 


ZnEt^ = 


= 2- 




[ 0,H,Et 


+ 


ZnCl,. 




Ethylo- 
chlorether. 




Zincio 
ethide. 




Diethylsted 
ethylic ether. 




Zincio 
chloride. 



Diethylated ethylic ether is isomeric with butylic ether, and 
contains the radical methylo-ethylated methyl (see p. 8). 
By oxidation it would doubtless give methylated acetone 
(p. 187). 

7. Oxygen may also be displaced in a similar manner. 
Thus:— 



2'N",0, + ZnEt, = 



N.OEt-0 



2'^2 



N.OEt-O. 



Zn or nr'-pxrkZno • 



N,EtO^ 



Nitric 
oxide. 



Zincio 
ethide. 



Zinoio dinitro-ethylate. 



This compound is analogous to zincic propionate, the latter 
containing two atoms of tetrad carbon in the place of the two 
tetrad pairs of nitrogen atoms : — 

OOEt-O — I cEtO 

Zincic propionate ... _ Zn" or j^-OiXZno". 

OOEt-O I C±itO 

8. An analogous reaction is observed with sulphurous anhy- 
dride : — 



2S0, -h ZnMe, = 



SOMe-0 



2 n SMeO^ 



Solphnrous 
anhydride. 



Zincio 
methide. 



SOMe-OJ 

Zinoio methyldithioi^te. 
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9. When etbylic borate is acted upon by zincic methide, the 
ethoxyl becomes repliwied by methyl : — 






,BEto, + SZnMe, = BMe^ + SZnMeEto. 

XbtaTlio Zindo Borin Ziark methide 

*- mclhide. mflhido, ethjiata. 



.0. When ethylic oxalate is heated with zincie etbide, and 
water afterwards added, ethylic diethoxalate is formed :— 

{ S+ 2°^'.+ 2011.- { CoS° + ^^°. + ^o- 

£(hfli>: Zincli^ Water. Elhjiio Zindo AlDohol. 

DXftlatti. tthide. divthaiAlate. hjdr&U!, 

11. By the aj^tion of ajnmonia, or of certain amines and 
amides, ziaeic ethide exchanges its zinc for hydrogen : — 



12. The organo-zinc compounds, by losing one semimolecule 
of their organic radical, become monad radicals, aa shown by 
the foDowing forraul» :~— 

Metbylozincic dinitrome- ) w",OMe.O-(ZnMe). 

»thylate i ' ^ ^ 

- Ethylozincic dinitroethy. 1 ^N",OEt-0-(ZnEt) . 

Ethylic ethylo-zmcic di-f CEt3-0-(ZiiEt) 
etboralate t COEto 

13. Mercuric ethide, when treated with bromine, loses one- 
half of its ethyl, which is displaced by the negative element: — 

HgEt, + Br, = Hg-EtBr + EtEr. 

ethide, ethobramide. bruiaide. 

14. Mercuric methide, when submitted to the action of mer- 
curic iodide, yields mercuric methiodide : — 

HgMe, -f Hfil^ = aHgMeL 

Uercnrio U.-rcurlu Mcroirio 

jDvtbidt. lodtdr. mtlluDdida. 
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The hydrates corresponding to the mercuric ethobromide and 
methiodide have been produced. They are powerful caustic 
bases, of the formulaB 

HgEtHo and HgMeHo. 

Mercuric Mercuric 

ethohydrate. methohydrate. 

15. The organO'Stannous compounds unite directly with 
negative elements, passing into stannic bodies : — 

SnEt, + I, = SnEtJ,. 

stannous Stannic 

ethide. iododiethide. 

16. Sypostannic orgomo- compounds undergo a similar trans- 
formation : — 

'Sn";Ete + I, = 2SnEt3l: 

Hypostannic Stannic 

ethide. iodotriethlde. 

SnEtgl + I^ = SnEtJ^ + EtI. 

Stannic Stannic Ethjlie 

iodotriethide. iododiethide. iodide. 

17. Sypostannic ethodiniodide is formed by the action of 
iodine upon stannic ethodimethide : — 



2SnEt2Me2 


+ 


I, = 


'Sn";EtJ, 


+ 


4MeI. 


stannic 
ethodimethide. 






Hypostannic 
ethodiniodide. 




MethyUc 
iodiae. 



18. Stannic ethide, when treated with hydrochloric acid, 
yields stannic chlorotriethide and ethylic hydride : — 

SnEt, + Ha = SnEtgCl + EtH. 

stannic Hydrochloric Stannic Ethylic 

ethide. acid. chlorotriethide. hydride. 

The oxide and hydratp corresponding to the stannic chloro- 
triethide are known ; their formulae are : — 

rSnEt3 
Oxide ...^ O ; Hydrate... SnEtgHo. 
I SaEtg 

These compounds, and the salts which they form, correspond 
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in composition, constitution, and, to a certain extent, in pro- 
perties, with the oompounda of methyl ; — 

tilophol. Htloid ether, Elher. 

Methjlic CH3H0. CH,C1. ^0^ 



r SnEfcj 

StanntriethyHc SiiEt,no. SiiEt,Cl. J O 

I SnEt, 



19. Slannie cTilorodiethidE is readily redaced to ataunous 
ethide by the action of zinc ;- — 

SnEt.CI, + 'la. •= SnEt, + ZnO,. 



t 



20. Perplumbic ethide resemblea atannic ethide in its re- 
actions ; thus with hydrochloric acid it yields perplucihic 
chlorotriethide and ethylic hydride : — 

PbEt. + HCl = PbEt,Cl + EtH. 

pFrplnnlbio H^drochlo- Perplambiii Ethj-lio 

elhide, rin acid. olilonitriethide. hjdhde. 

21. PerpJumhie trieihohi/drale (PbEt^Ho) is a powerful base, 
fonning salts with acids. 

22. The organo-telluriuvt compoundx form oiidea and salts. 
The following are the formula of tellurium ethide and some of 
its compounds ; — 

Tellnrium ethide TeEt,. 

Tellurous diethoiide TeEtjO. 

Tellurona diethiodide TeEt^I,- 

Tellurous diethosulpbate TeEt.CS'iOJ". 

Comtilution of OrganometalKc Sodiet. 
The organometallic compounds are constituted on the types of 
the metals they contain. It waa, in fact, the study of these 
bodies which first led to the doctrine of the atomicity of 
elements. Tlicy afi'ord striiing esamples of monad, dyad, triad, 
tetrad, pentad, aud hexad types. 
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The organic derivatives of the monad metals are formed on 
the type of potassic chloride (KCl) : — 

H H 

K— CI K— C— C— H 

I I 
H H 

Potaario chloride. Fotasaio etbide. 

The organo-zinc, cadmium, magnesium, and mercury com- 
pounds are formed upon the type of zincic chloride (ZnCl^) : — 

H H H H 

[_C— C— Zn— C— C— H 



CI— zn— a 



Zinoio ohl(»ide. 



H- 



Ai 



H H 

Zindo ethide. 



I-Hg 



XL 



H 



H H 

Heroario iodethide. 

The organo-alumimc compounds are formed upon the type 
of aluminic chloride ('Al"',a,) :— 

H H 

H— C— H H— C— H 



CI CI H 

CI— Al— Al— CI H— C- 

I 
H 



-Al- 



-Al- 



H 



H 



CI CI 



H 



H— C— H H— C— H 



Almninio chloride. 



H H 

Almnimo meUiide. 



The organo-tin compounds are formed upon the three typea 
Sn"Cla, 'Sn"',Cle, and SnCl,,— the first resembling the zincic 
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chloride type, and the second the aluminic chloride type (see 
p. 232) :— 

CI Et Et Et 

I I I I 

CI— Sn— CI Et— Sn— I Et— Sn— Et Et— Sn— Et 

CI I Et I 

stannic chloride. Stannic iododiethide. Stannic ethide. Stannic iodotriethide. 

Et Et Et 

I _ I 



Et— Sn— 0— BE Et— Sn— O— Sn— Et 

Et Et Et 

stannic triethohydrate. Distannic hexethozide. 

The inorganic types of the organo-tellurium series are TeClj 
and TeOo :— 



2 



CI— Te— CI 0=Te=0 

Tellurimn chloride. Tellurous oxide. 

/Et L /Et 
Et— Te— Et 0=Te^ .Te; 

\Et 1/ ^Et 

Tellurimn ethide. Tellorons diethoxide. Tellurons 

diethiodide. 

The orgdno-arsenic, antimony, and bismuth compounds are 
derived from the types 'As'',S"„ AsClg, AsOHog, SbCl,, SbCl,, 
BiClg, and BiOaHo (see pp. 204, 211, and 214) :— 

O 

H— 0— As— 0— H H— 0— As— 0— H 



I 
Me 

I 
H 

Arsenic acid. Monomethylanenio add. 



II 



Me— As— 0— H Me— As— Me 

I 



M< 



Le Me 

Caoodylic add. Arsenic ozytrimetiiide. 
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The effect of the substitution of positive for negative radicals 
in compounds is strikingly exhibited in the case of arsenic acid, 
AsOHog, as illustrated in the above graphic representations. 
By the substitution of one semimolecule of methyl for hydroxyl, 
a well-defined acid (less negative, however, than arsenic acid) 
is produced, monomethylarsenic acid, AsOMeHOg. By the 
replacement of a second semimolecule of hydroxyl by methyl, 
a very feeble acid, cacodylic acid, AsOMegHo, is obtained. 
By the replacement of the third semimolecule of hydroxyl 
by methyl, the acid properties are completely destroyed, a 
feeble base, the arsenic oxytrimethide, being formed, AsOMeg. 
Pinally, by the substitution of methyl and hydroxyl for the 
remaining atom of oxygen there is produced a powerful base, 
tetramethylarsenic hydrate, AsMe^Ho. 

The following is a list of the principal organometallic 
bodies at present known : — 

I. Organo- compounds containing monad metals : — 

Pota ssio-zincic methide KMe,ZnMe.^. 

Potassio-zincic ethide KEtjZnEt^. 

Sodio-zincic ethide NaEt,Zn Jlt^. 

Lithio-zincic ethide LiEtjZnEt^. 

Lithio-mercuric ethide LiEt,HgEt2. 

II. Organo- compounds containing dyad metals : — 

Magnesic ethide MgEt^. 

Zincic methide ZnMe^. 

Zincic ethide ZnEtj. 

Zincic amylide Zn Ay^. 

Mercuric methide HgMejj. 

Mercuric ethide HgEt^. 

Mercuric methiodide HgMel. 

Mercuric ethonitrate HgEt( N^Og) . 

Stannous ethide "Sn"Et,. 

Tellurium methide TeMe^. 



OKGANOMETALLIC COMPOUNDS. 235 

III. Organo- compounds containing triad metals : — 

These compounds belong to the 11th family of organic 
bodies, and have been treated of at p. 202. 

IV. Organo- compounds of tetrad metals : — 

Stannic methide SnMe^. 

Stannic iodotrimethide SnMCgl. 

Stannic iododimethide SnMeglj. 

Hypostannic ethide 'Sn"'2Etg. 

Stannic ethylodimethide SnEt^MCg. 

Stannic phenyl-triethide SnPhEtg. 

Stannic ethophenyl-dichloride SnPhEtClj. 

Hypostannic ethodiiodide 'Sn^'^Et^Ij. 

Perplumbic ethide PbEt^. 

Perplumbic chlorotriethide PbEtgCl. 

V. Organo- compounds of pentad metals : — 

These bodies belong to the 11th family of organic com- 
pounds, and have been abeady treated of at pp. 211 and 214. 
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„ arachidic, 116. 
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„ benzenic, 155. 
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„ benzoic, 155, 157, 180. 
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„ brassic, 130. 
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„ bromotricarballylic, 178. 
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bromphenylic, 69. 
butync, 126. 

cacodylic, 205, 214, 233, 234. 
capric, 116. 
caproic, 115. 
caprylic, 115. 
carbolic, 67. 
carbomethylic, 144. 
cerotic, 116. 
chloropropionic, 147. 
cimicic, 130. 
cinnamic, 155. 
citraconic, 166. 
citric, 178. 
collinic, 155. 
convolvulinoleic, 151. 
cresotic, 156. 
crotonic, 130. 
/3 crotonic, 131. 
cuminic, 155. 
cyanic, 32. 
cyanuric, 32. 
damaluric, 130. 
damolic, 130. 
desoxalic, 179. 
dextrotartaric, 173. 
diamylacetic, 129. 
dibromosuccinic, 168. 
dichloracetic, 124. 
dichlorphenylic, 69. 
diethacetic, 129. 
diethoxalic, 138. 
dimethacetic, 128. 
dimethoxalic, 138, 150. 
dinitrophenylio, 69. 
disulphanthraquinonic, 176. 
doefflic, 130. 
elai'dic, 130. 
erucic, 130. 
erythric, 76. 
euiacetio, 126. 
ethomethoxalio, 138. 
ethylcrotonic, 131. 
ethylglycollic, 150. 
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ethyl-lactic, 137. 
formic, 121. 
fulminuric, 32. 
fumaric, 166. 
gaidic, 130. 
gallic, 157. 
glyceric, 80, 152. 
glycollamic, 157. 
glycoUic, 71, 91, 136. 
glycomalic, 173. 
glyoxalic, 151. 

flyoxylic, 152. 
lemimellitic, 180. 
hexahydrophthalic, 175. 
hippuric, 157. 
homolactic, 145. 
homotartaric, 173. 
hyaenasic, 116. 
hydrocyanic, 27, 49. 
hydroferrocyanic, 31. 
hypogaeic, 130. 
isobutyric, 128. 
isochloropropionic, 149. 
isodibromosuociiiic, 168. 
isomaleic, 166. 
isophthalic, 180. 
isopropacetic, 115, 127. 
iBosuccinic, 166. 
itaconic, 166. 
itatartaric, 171. 
ialapinoleic, 151. 
lactamic, 109, 147. 
lactic, 109, 143, 147, 148. 
laevotartario, 174. 
lauric, 116. 
lecanoric, 76. 
leucic, 136. 
maleic, 166. 
malic, 164, 172. 
malonic, 148, 160. 
mamiitic, 84. 
margaric, 116. 
melissic, 116. 
mellitic, 179. 
mellophanic, 180. 
mesaconic, 166. 
metagallic, 83. 
metatartaric, 174. 
metiiacetic, 125. 
methacrylic, 131. 
methethaoetic, 127. 
methylorotonic, 131. 
methylclycollic, 137, 146. 
methyl-lactic, 135. 
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monochloracetic, 124. 
monomethylarsenic, 214, 233, 

234. 
moringic, 130. 
mucic, 84. 
myristic, 116. 
nitrophenylic, 69. 
oenanthylic, 115. 
oleic, 134. 
orsellinic, 76. 
oxalic, 34. 
oxamic, 35. 
oxybutyric, 136. 
oxymethyl-phenylformic, 156. 
palmitic, 116. 
paralactie, 139, 145. 
paraleucic, 139. 
paraphloretic, 156. 
pelargonic, 115 
perohlorphenylic, 69. 
phenoio, 155. 
phenomialic, 81. 
phenylic, 68. 
phthalic, 180. 
physetoleic, 130. 
picramic, 69. 
picric, 69. 
pimelic, 160. 
prehnitic, 180. 
propionic, 125. 
propylacetic, 127. 
pyroitauric, 171. 
pyromellitic, 179, 180. 
pyrotartaric, 160, 171. 
pyroterebic, 130. 
pyruTic, 151. 
racemic, 174. 
ricinoleic, 151. 
roccellic, 160. 
saccharic, 84. 
salicylic, 156. 
sebacic, 160. 
silicopropionic, 220. 
stearic, 116. 
suberic, 160. 
succinethylic, 189. 
succinic, 163. 
sulphamylic, 88. 
sulphomethylio, 87, 99. 
sulphoyinio, 88. 
tannic, 158. 
tartaric, 83, 173. 
tartaric (inaotiye), 174. 
tartronic, 80, 172. 
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„ dibamo, fumario or scrjloid 


„ pyruvic series of, 151. 


BoriCH of, 166. 




„ dibssic, other seriM of, 175. 


„ BCEondary, of acrylic soriea, 


„ dibuio, auccinio at acetoid 


131. 


leries of, 159. 


„ secondary, of acrylic series, 


„ dibaflic, tarUrio or eljoijloid 


formalion of, 131. 


MritH of, 173. 


„ secondary of ladio series. 


„ foniario ot auryloid eeriea of, 


137. 


lee. 




„ riyoiylie series ot, 152. 


mationof, 141, 


„ succinic series of, J5D. 


;,' lactic BiriU of.' 13+. 


., BUCfiDic series of, relations to 


„ Uetio eariaa of, claMiHcalioTi 


acetic series, 102. 


of, 136. 


„ succinic series of, relations to 




dyad radicals, 101. 


131. 


„ succinic series ot, relations to 


„ lactic serira of, relations U> 


Iodic series and to eIvcoIb. 


acetic series, 142. 


161. 


„ lactic serisB of, relations to 


„ tertiary fctly, 12B. 


acryUc series, 143. 
„ Uwofbnsieiljof. 113. 


„ tribasio. 177. 


„ raiilio or lActoid aeries of, 172. 


„ tribasic, rwonitio or acrjloid 




series, 177. 


„ normnl bltv. MceDt of tbe 


„ tribssic, dtac or laotoid Beriee, 


178, 


■ 
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Acids, tribasic, tricarballylic or aoe- 

toid series, 177. 
Acridine, 200. 
Acrolein, 80, 110. 
Acryl, 25. 

Acrylic series of acids, 130. 
Acrylic series of acids, relations of, 

to lactic series, 142. 
Acryloid or fumaric series of acids, 
166. 
„ series of acids, isomerism 
in, 166. 
Alanin, 109, 147. ^ 
Alcohol, allylic, 65. 

amylic, 52, 60. 

benzylic, 67. 

butylic, 52, 59. 

caproylic, 52. 

caprylic, 53. 

cerotic, 53. 

cetylic, 53. 

cresylic, 67, 70. 

cumylic, 67. 

decatylic, 53. 

dimethylphenylic, 67. 

ethylenic, 71. 

ethylic, 52, 57. 

heptylic, 53. 

hexylic, 62. 

isamylic, 52. 

isobutylic, 52. 

isopropylic, 60. 

melissic, 53. 

methylic, 52, 56. 

nonylic, 53. 

octylic, 53. 

oenanthylic, 53. 

pentahydric, 84. 

pentylic, 52. 

phenylic, tertiary, 67, 68. 

phenylic, substitution pro- 
ducts of, 69. 

propylic, 52, 59, 62. 

pseudamylic, 52. 

pseudobutylic, 62. 

pseudohexylic, 60. 

stanntriethylic, 231. 

sulphur, 59. 

sycocerylic, 67. 

tetrahydric, 83. 

tetrylic, 52. 

thymylic, 67. 

▼inyhc, 64. 

xylyHc, 67. 
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Alcoholates, 58. 
Alcohols, 49. 

dihydric, 51. 

dihydric, glycol series, 70. 
dihydric, orcin series, 74. 
monohydric, 50, 52. 
monohydric, methyl series, 

52. 
monohydric, methyl series, 

normal, 52. 
monohydric, methyl series, 

secondary, 52, 60. 
monohydric, methyl series, 

tertiary, 52, 62. 
monohydric, phenyl series, 

66. 
monohydric, phenyl series, 

normal, 66, 67. 
monohydric, phenyl series, 

tertiary, 67. 
monohydric, vinyl series, 

63. 
polyhydric, 83. 
relations of, 53. 
relations of, to fatty acids, 

120. 
secondary, oxidation of, 

62. 
trihydric, 51. 
trihydric, glycerin series, 

77. 
trihydric, pyrogallic series, 

81. 

Aldehyde, acetic, 108. 
acrylic, 110. 
benzoic, 111. 
butyric, 108. 
capric, 108. 
cuminic, 111. 
euodic, 108. 
formic, 108. 
lauric, 108. 
oenanthic, 108. 
palmitic, 108. 
propionic, 108. 
salicylic, 156. 
valeric, 108. 
Aldehydes, 105. 

definition of, 105. 

derived from the 
C„H2it+iHo alcohols, 
108. 

from the CnHsM-iHo al- 
cohols, 110. 
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Aldehydes from the CnH2n-7Ho al- 
cohols, 111. 
„ preparation of, 105. 

„ reactions of, 107. 

Alizarin, 176. 
Alkalamides, 209. 

„ constitution of, 209. 

Alkaloids, artificial, 191. 

from cinchona, 201. 
&om nightshade, 202. 
from nux vomica, 202. 
from opium, 201. 
from tea, coffee, and cocoa, 

202. 
from tobacco, 202. 
the natural, 201. 
Allyl, 13. 
Allylamine, 192. 
Allylene, 21. 
Allylic iodide, 79, 94. 
„ sulphide, 66. 
„ sulphocyanate, 66. 
Aluminic ethide, 226. 
Amarine, 200. 
Amides, 190, 205. 

„ definition of, 205. 
Amines, 191. 

classification of, 191. 
diacid salts of, 213. 
monacid salts of, 213. 
normal salts of, 212. 
salts of, 212. 
Ammonia-boric ethide, 218. 

„ methide, 2*16. 

Ammonia type, 4, 5. 
Ammonic chloride type, 4, 5. 
Amoxyl, 5. 
Amygdalin, 112. 
Amyl, 11. 
Amylamine, 192. 
Amyl benzol, 14. 
Amylene, 17. 
Amylenic chloride, 103. 
„ bromide, 103. 
„ oxide, 90. 
Amyl glycerin, 78. 
Amylic iodide, 102. 
Amylide, zincic, 234. 
Amyl toluol, 14. 
„ xylol, 15. 
Anhydride, acetic, 182. 

„ acetobenzoic, 183. 
„ benzoic, 183. 
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Anhydride, butyric, 182. 
caproio, 183. 
caprylic, 183. 
lactic, 183. 
oenanthylic, 183. 
palmitic, 183. 
pelargonic, 183. 
propionic, 182. 
silico-formic, 218. 
succinic, 184. 
valeric, 182. 
Anhydrides, 181. 

conversion into acids, 

182, 183. 
definition of, 181 . 
of the dihydric dibasic 

acids, 184. 
of the dihydric mono- 
basic acids, 183. 
of the monohydric mo- 
nobasic acids, 182. 
Aniline, 191. 
Aniline blue, 198. 

,, violet, 198. 
Anthracene, 176. 
Anthraquinone, 176. 
Antimonic acids, organic, 215. 
Antimony, organic compounds of, 

190. 
Arbutin, 75. 
Aricine, 201. 

Aromatic series of acids, 153. 
ArseniA acids, organic, 214. 
Arsenic," organic compounds of, 190. 
Arsenic oxydichlormethide, 214. 
o^rimetWde, 233, 234. 
tetrachlormethide, 214. 
„ trimetho-dichloride, 214. 
„ trimethoxide, 214. 
Arsenious oxybases, 204. 
Arsine triethyl, 204. 

„ trimethyl, 204. 
Arsines, 190, 202. 

„ salts of, 214. 
Ascent of the alcohol series, 55. 
Atropine, 202. 
Azol^nzol, 48. 

Bases, caustic antimony, 211. 
caustic arsenic, 211. 
caustic nitrogen, 211. 
caustic phosphorus, 211. 
imidogen, 193. 
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Bases, organic, 191. 

„ oxyantdmonic, 212. 

„ oxyarsenic, 211. 
Benzamide, 206. 
Benzene, 44. 
Benzine, 44. 

Benzoic series of acids, 153. 
Benzol, 42, 44. 

bromocompounds of, 45. 
chlorocompounds of, 47. 
substitution derivatives of, 
43. 
Benzonitrile, 164. 
Benzophenone, 188. 
Benzoyl, hydride of, 111. 
Benzyl, 14. 
Betaorcin, 74. 
Bicarburet of hydrogen, 44. 
Bismuthines, 190, 202. 
Bismuthine triethyl, 204. 
Boric diethochloride, 217. 

„ ethide, 217. 

etho-diethylate, 218. 
etho-dihydrate, 218. 

„ methide, 216. 
Bromacetylene, 24. 
Bromethylene, 103. 
Bromhydrin, 104. 
Brucine, 202. 
Butoxyl, 5. 
Butyl, 11. 
Butylamine, 192. 
Butylene, 17. 
Butylenic bromide, 103. 
„ chloride, 103. 
Butylic iodide, 83. 
Butyrone, 187. 

Cacodyl, 2()5. 
CacodyUc acid, 205, 214. 
chloride, 205. 
oxide, 205. 
trichloride, 214. 
Caffeine, 202. 
Caproyl, 11. 
Caprylene, 18. 
Carbinol diethyl-propyl, 62. 

dimethyl, 60. 

dimethyl-ethyl, 62. 

dimethyl-isopropyl, 62. 

dimethyl-propyl, 62. 

methyl-butyl, 60. 

methyl-diethyl, 62. 
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Carbinol methyl-ethyl, 60. 
methyl-hexyl, 60. 
methyl-isopropyl, 60. 
methyl-nonyl, 60. 
methyl-propyl, 60. 
triethyl, 62. 
trimethyl, 62. 
Carburetted hydrogen, light, 39. 
Caustic antimony bases, 211. 
arsenic bases, 211. 
nitrogen bases, 211. 
phosphorus bases, 211. 
Cerotene, 18. 
Cetene, 18. 
Chloracetamide, 206. 
Chloral, 110. 

„ alcoholate, 110. 
„ hydrate, 110. 
Chloranil, 76. 
Chloraniline, 210. 
Chlorether, 228. 
Chlorhydrate, ethylenic, 95. 
Chlorhydrin, 95, 104. 
Chloride, methylic, 101. 
Chlorine, action of. on the radicals 

of the ethylene series, 18. 
Chloro-compounds of benzol, 47. 
Chloroform, 100. 
Chloropropionylic chloride, 142. 
Chrysaniline, 199. 
Cinchonine, 201. 
Citramide, 209. 

Citryl-triphenyl-triamide, 209. 
Classification of organic compounds, 

8, 
Codeine, 201. 
Collidine, 194. 
Compound organic radicals, 9. 

negative radicals, hy- 
drides of, 37, 49. 
oxamides, 36. 
positive radicals, hy- 
drides of, 37. 
Compounds, organic, definition of. 

Condensed diadelphic type, 5. 

Conine, 193. 

Constituents of organic compounds, 

Crotonylene, 21. 
Cryptopine, 201. 
Cumol, 42. 
Cuprosovinylic ether, -3. 



)) 



11 



11 



INDEX. 



243 



Cyamelide, 32. 
Cyanethine, 201. 
Cyanic hydride, 49. 
Cyanides, double, 29. 
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easily decomposable, 30. 
single, 29. 



Cyanmethine, 201. 
Cyanogen, 26, 27. 

„ chlorides of, 32. 

Cymol, 42. 

Definition of compound organic ra- 
dicals, 2. 
„ organic compounds, 1. 

Derivatives of glycol, 72. 
Derivatives, substitution, of benzol, 

45. 
Development of formulae, 6, 7, 8. 
Diacetic glycol, 189. 
Dia<;etimide, 207. 
Diacetin, 189. 
Diadelphic type, 4, 5. 
Dialkalamides, 209. 
Diamides, 207. 

constitution of, 207. 

formation of primary, 
208. 

primary, 208. 

secondary, 208. 

tertiary, 208. 
Diamines, 191, 195. 

formation of, 195. 

monacid salts of, 213. 

normal salts of, 213. 

oxides of, 196. 

primary, 195. 

secondary, 195. 

tertiary, 195. 
Dibasic acids, 158. 

anhydrides of, 184. 
fumaric or acryloid 
series of, 166. 
Dibrombenzol, 45. 
Dibutylamine, 193. 
Dibutyraldine, 200. 
Dichloraniline, 210. 
Dichlorbenzol, 47. 
Dichlorhydrin, 96, 104. 
Dichlorinated methylic chloride, 

100. 
Dichlorinated methylic ether, 87. 
Diethylamine, 193. 
Dietbylammouic iodide, 193. 
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Diethylated acetone, 187. 

„ ethylic ether, 228. 

Diethylbenzol, 43. 
Diethylene triammonic dichloride, 
213. 
triammonic monochlo- 

ride, 213. 
triammonic trichloride, 
213. 
Diethyl oxamide, 209. 
Diethylphosphonic zincic iodide, 

202. 
Diethyl urea, 197. 
Dihydric alcohols, 70, 74. 
Dimethylamine, 193. 
Dimelhylaniline, 195. 
Dimethylated acetone, 187. 
Dimethylcumidine, 195. 
Dimethylcymidine, 195. 
Dimethyloxamide, 36. 
Dimethylphenylammonic chloride, 

194. 
Dimethyltoluidine, 195. 
Dimethyltolylammonic chloride, 

194. 
Dimethylxylidine, 195. 
Dinitrobenzol, 49. 
Diphenyl-carbonyl-oxalyl diamide, 

209. 
Diphenyloxamide, 36. 
Diplienyl rosaniline, 198. 
Disilicic hexachloride, 219. 
Disilicic oxy-hexaethide, 220. 
„ oxy-hexaethylate, 220. 
„ oxy-hexamethylate, 219. 
Double cyanides, 29. 

„ monadelphic type, 5. 
Dyad positive radicals, 9, 10, 21, 24. 

action of chlo- 
rine on, 18. 
haloid ethers 

of, 102. 
reactions of 
ethylene se- 
ries of, 18. 

Elaldehyde, 109. 
Epichlorhydrin, 96, 105. 
Erythrite, 83. 
Erythroglucin, 83. 
Erythromannite, 83. 
Ether, 85. 
„ allylic, 89. 
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Ether amylic, 86. 
benzylic, 89. 
butylic, 86. 
cuprosovinylic, 23. 
diethylated ethylic, 228. 
dimethacetic, 128. 
disodacetic, 128. 
ethylenic, 90. 
ethylic, 85, 87. 
ethylic amylic, 86. 
ethylic butylic, 86. 
glycylic, 93. 
methylic, 85, 87. 
methylic amylic, 85. 
methylic ethylic, 85. 
monosodacetic, 121. 
phenylic, 89. 
phenylbenzyl, 90. 
stanntriethylic, 231. 
sulphomethylic, 190. 
sulphuric, 87. 
„ trimethacetic, 129. 
Ethers, 85. 

formation of, 86. 

haloid, 93. 

haloid, of the dyad positive 

radicals, 94, 102. 
haloid, of the monad positive 

radicals, 93, 96. 
haloid, of the triad positive 

radicals, 95, 104. 
of the dihydric alcohols, 85, 

90. 
of the methyl series, 85. 
of the monohydric alcohols, 

85. 
of the phenyl series, 89. 
of the trihydric alcohols, 85, 

93. 
of the vinyl series, 89. 
Ethereal salts, 188. 

salts, decomposition of, 190. 
salts, definition of, 188. 
salts of dihydric alcohols, 

189. 
salts of dibasic acids, 189. 
salts of dibasic acids, acid, 

189. 
salts of dibasic acids, normal, 

189. 
salts of monobasic acids, 1 89. 
salts of monohydric alco- 
hols, 189. 
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Ethereal salts of tribasic acids, 189. 
salts of tribasic acids, acid, 

189. 
salts of tribasic acids, nor- 
mal, 189. 
salts of trihydric alcohols, 

189. 
salts, production of, 188. 
Ethide, boric, 217. 

hypostannic, 230. 
lithiomercuric, 234. 
lithiozincic, 234. 
magnesic, 234. 
mercuric, 225. 
perplumbic, 231. 
potassic, 232. 
potassio-zincic, 234. 
sodio-zincic, 234. 
stannic, 225. 
stannous, 230. 
tellurium, 231. 
zincic, 225. 
Ethobromide, mercuric, 229. 
Ethodimethide, stannic, 230. 
Ethodiniodide, hypostannic, 230. 
Ethohydrate, mercuric, 230. 
Ethonitrate, mercuric, 234. 
Ethoxyl, 5. 
Ethyl, 11, 12. 
Ethyl acetamide, 209. 
acetone, 187. 
acetyl, 187. 
butyral, 187. 
diacetamide, 209. 
propionyl, 187. 
urea, 196. 
Ethylamine, 99, 192. 
Ethylammonic chloride, 212. 

„ iodide, 99, 

Ethylamylamine, 193. 
Ethylated acetone, 187. 
Ethylene, 16, 20. 

andethylidene compounds, 

isomerism of, 19, 146. 
compounds, 18. 
diamine, 197. 
Ethylene-diammonic dibromide,196. 

dichloride,213. 
monochloride, 

213. 
oxide, 196. 
Ethylene diethyl diamine, 197. 
series, 16. 
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Ethylene series of radicals, action 
of chlorine on, 18. 
„ series of radicals, prepara- 
tion of, 16. 
Ethylenic bromide, 103. 
chloride, 102. 
chlorhydrate, 95,-102. 
cyanide, 104. 
dichloride, 95. 
ether, 90. 
iodide, 103. 
iodhydrate, 102. 
nitrile, 104. 
oxide, 90. 

oxide, isomers of, 91. 
oxide, reactions of, 91. 
Ethylic acetate, 189. 
borate, 217. 
chloride, 101. 
a cyanpropionate, 166. 
(3 cyanpropionate, 165. 
diethaceto-acetate, 186. 
diethoxalate, 229. 
disodacetate, 185. 
disodacetoacetate, 186. 
„ ethacetoacetate, 186. 
ether, 90. 

ethylozincic diethoxalate,229. 
iodide, 101. 
Bodacetoacetate, 186. 
succinate, 189. 
sulphhydrate, 59. 
sulphide, 89. 
trisodacetate, 186. 
Ethylidene and ethylene compounds, 
isomerism of, 19, 146. 
compounds, 19. 
cyanhydrate, 147. 
dichloride, 109. 
Ethylochloretber, 228. 
Ethylo-zincic dinitroethylate, 229. 
„ ethylic diethoxalate, 

229. 
Ethyl-phenyl, 43. 
Ethyl-phenylamine, 193. 
Ethyl-phenylammonic iodide, 193. 
Ethyl-xylol, 43. 

Fatty acids, normal, 115. 

acids, secondary, 128. 

acids, tertiary, 129. 

series of acids, 114. 
Ferricyanide, potassic, 31. 
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Ferrocyanide potassic, 30. 

Fire-damp, 39. 

Formulae, development of, 6. 

„ graphic, of organic com- 
pounds, 7. 
Formyl, 25. 

Formyl-diphenyl diamine, 98. 
Fumaric or acryloid series of acids, 
166. 
„ series of acids, isomerism 
in, 166. 
Furfurine, 200. 

Gaultheria procumbens, oil of, 56. 
Glucose, 84. 
Glycerin, 77, 78. 

relations of, 79, 80, 81. 
Glycol, acetobutyric, 73. 
amylic, 70. 
bromethylic, 72. 
bromhyaric, 72. 
butylic, 70. 
chlorhydric, 72, 102. 
cyanhydric, 148. 
derivatives of, 72. 
diaoetic, 71, 189. 
diethylenic, 73. 
diethylic, 72. 
disodic, 72. 
ethylic, 71. 
hexethylenic, 73. 
hydric ethylic, 72. 
iodhydric, 102. 
monacetic, 72, 103, 189. 
monosodic, 72. 
pentethylenic, 73. 
propylic, 70. 
sulphur, 72. 
tetrethylenic, 73. 
triethylenic, 73. 
Gly collie acetobromide, 72. 
Glycols, 70. 

polyethylenic, 73. 
relations of succinic series 
to, 161. 
Glycolyl, 25. 
Glyoxil, 152. 
Glyoxyloid series of dibasic acids, 

173. 
Graphic formulae of organic com- 
pounds, 7. 
Guanidine, 200. 
Guanine, 200. 
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Haloid compounds of oxybases, 190, 
210. 
ethers, 93. 
ethers of the dyad positive 

radicals, 94, 102. 
ethers of the monad positive 

radicals, 93. 
ethers of the triad positive 
radicals, 95, 104. 
Heptylene, 18. 
Hexylene, 17. 
Hofmann's violet, 199. 
Homopyrocatechin, 74. 
Hydrazobenzid, 48. 
Hydride, amylic, 39, 41. 
butylic, 39. 
caproylic, 39. 
cyanic, 49. 
decatylic, 39. 
dodecatylic, 39. 
endecatylic, 39. 
ethylic, 39, 40. 
heptylic, 39. 
hexylic, 39. 
methylic, 39. 
nonylic, 39. 
octylic, 39. 
oxatylic, 49. 
pentadecatylic, 39. 
pentylic, 39. 
phenylic, 44. 
propylic, 39. 
tetradecatylic, 39. 
tetrylic, 39. 
tridecatylic, 39. 
tritylic, 39. 
Hydrides of compound negative ra- 
dicals, 37, 49. 
of compound positive ra- 
dicals, 37. 
of the radicals of the me- 
thyl series, 37. 
of the radicals of the me- 
thyl series, preparation 
of, 38. 
of the radicals of the phe- 
nyl series, 42. 
Hydrochloric glycide, 96, 105. 
Hydrocotarnine, 201. 
Hydrogen, hi carburet of, 44. 
Hydroquinone, 75. 
Hydrosulphate of ethyl, 59. 
Hypostannic ethide, 230. 
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Hypostannic ethodiiodide, 230. 

Imides, 190, 210. 

,, general formula of, 210. 
Imidogen bases, 193. 
Introduction to organic chemistry, 

1. 
Iodide, phosphonic, 202. 
lodhydric glycol, 102. 
lodhydrin, 93. 
lododiethide, stannic, 230. 
lodotriethide, stannic, 230. 
Isobutylene, 17. 
Isomeric forms of valeric acid, 

126. 
Isomerism in fumaric or acryloid 
series, 166. 
in the lactic series, 143. 
of ethylene and ethyli- 
dene, 146, 168. 
Isopropylic alcohol, 61. 
iodide, 79. 
nitrile, 128. 
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Ketones, 184. 

„ formation of, 185. 

11 
11 



isomerism of, 187. 
list of, 187. 
Ketones of the CnH2«-7 series, 

188.- 

Lactic series of acids, relations of, to 
acetic series, 142. 
,, series of acids, relations of, to 

acrylic series, 142. 
„ series of acids, relations of 
succinic series to, 161. 
Lactide, 183. 

Lactoid series of dibasic acids, 172. 
Lactyl, 25. 
Laudanosine, 201. 
Lead. 

Perplumbic chlorotriethide, 
231. 
ethide, 231, 
triethohydrate, 
231. 
Leucin, 150. 
Leukaniline, 199. 
Light carburetted hydrogen, 39. 
Lithiomercuric ethide, 234. 
Lithiozincic ethide, 234. 
Lutidine, 194. 
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Magenta, 198. 

Magnesic ethide, 234. 

Malic series of acids, 172. 

Malonyl, 25. 

Mannite, 84. 

Marsh-gas, 39. 

Marsh-gas series, hydrides of, 37. 

type, 4. 
Mauveine, 198. 
Meadow-sweet, oil of, 156. 
Melene, 18. 

Mendius's reaction, 55. 
Mercaptan, 59. 
Mercury. 

Mercuric amylide, 226. 

ethide, 225, 234. 

ethiodide, 225. 

ethobromide, 229. 

ethohydrate, 230. 

ethotiitrate, 234. 

iodethide, 232. 

methide, 229, 234. 

methiodide, 229, 234. 

methohydrate, 230. 

naphthide, 226. 
Organo- compounds, 225, 229, 

Metaldehyde, 109. 
Methide, aluminic, 232. 
boric, 216. 
mercuric, 234. 
potassio-zincic, 234. 
tellurium, 234. 
zincic, 228, 234. 
Methoxyl, 5. 
Methyl, 11. 
Methyl acetone, 187. 
benzol, 188. 
benzoyl, 188. 

series, hydrides of the radi- 
cals of, 37. 
series of alcohols, 52. 
series, normal alcohols of, 

52, 53. 
series, secondary alcohols of, 

52, 60. 
series, tertiary alcohols of, 

.•52, 62. 
series, normal radicals of, 10. 
series, preparation of normal 

radicals of, 11. 
series, secondary radicals of, 
10. 
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Methyl series, tertiary radicals of, 
10. 
„ type, 4. 
„ valeral, 187. 
Methylamine, 192. 
Methylated acetone, 187. 
Methylenic chloride, 102. 

„ iodide, 102. 

Methylethylamine, 193. 
Methylethyl-phenylamine, 194. 
Methylic borate, 215. 
chloride, 99. 
chloride, dichlorinated, 

100. 
chloride, monochlorinated, 

100. ^ 

chloride, trichlorinated, 

100. 
iodide, 102. 
nitrile, 119. 

oxide {Methylic ether), 87. 
Methylo-zincic dinitromethylate, 

229. 
Methylphenyl, 42. 
Methylphenylammonic chloride, 

194. 
Methyl xylol, 43. 
Monacetic glycol, 189. 
Monacetin, 189. 
Monad positive radicals, 10. 

„ positive radicals, haloid 
ethers of, 93, 96. 
Monadelphic type, 4, 5. 
Monalkalamides, 209. 
Monamides, 206. 

formation of primary, 

206. 
primary, 206. 
reactions of primary, 

207. 
secondary, 207. 
tertiary, 207. 
Monamines, 191. 

formation of primary, 

191. 
formation of secondary, 

193. 
formation of tertiary, 

193. 
methyl series of primary, 

191. 
methyl series of secon- 
dary, 192. 
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Monaroines, phenyl series of pri- 
mary, 191. 
„ phenyl series of secon- 

dary, 192. 
„ primary, 191. 

„ reactions of primary, 

192. 
„ recognition of primary, 

195. 
„ recognition of secon- 

dary, 195. 
„ recognition of tertiary, 

195. 
„ secondary, 191, 192. 

„^ tertiary, 191, 193. 
„ vinyl series of primary, 

191. 
„ vinyl series of secon- 

dary, 192. 
Monobasic acids, anhydrides of, 182, 
183. 
„ organic acids, 113. 
Monobrombenzol, 45. 
Monobromorcin, 76. 
Monochlorbenzol, 47. 
Monochlorhydrin, 79. 
Monochlorinated methvlic chloride, 

100. 
„ propylic glycol, 

79. 
Monohydric alcohols, 52, 63, 66. 
„ alcohols, secondary, 

60. 
alcohols, tertiary, 62, 

67. 
alcohols, normal, of the 
phenyl series, 66. 
„ alcohols of the phenyl 

series, 66. 
„ alcohols of. the vinyl 

series, 63. 
Monomethylarsenic acid, 214, 233. 
Morphine, 201. 

Narceine, 201. 
Narcotine, 201. 
Natural alkaloids, 201. 
Negative compound radicals, hy- 
drides of, 49. 
„ organic radicals, 9, 25. 
Nicholson's yellow, 199. 
Nicotine, 202. 
Nitraniline, 49. 
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Nitrides, general formula of, 210. 

„ negative, 210. 
Nitrile, ethylenic, 104. 
„ isopropylic, 128. 
„ methylic, 119. 
Nitriles, preparation of, 97. 
Nitrobenzol, 43, 47. 
Nitrocumol, 43. 
Nitrocymol, 43. 
Nitrogen, caustic bases of, 211. 

compounds of triad, and 

its analogues, 190. 
compounds of pentad, and 

its analogues, 211. 
organic compound s of, 1 90. 
Nitropentol, 43. 
Nitrotoluol, 43. 
Nitroxylol, 43. 
Nonylene, 18. 
Normal acids, 114. 

acids of theacrylic 8eries,130. 
acids of the lactic series, 135. 
fatty acids, 115. 
monohydric alcohols of phe- 
nyl series, 66, 67. 
olefine acids of the lactic 

series, 139. 
radicals of methyl series, 11. 
radicals of methyl series, 
preparation of, 11. 
„ salts of amines, 213. 

Octylene, 18. 

(Enanthylene, 18. 

Oil of bitter almonds, 111. 

„ of Gaultheria procumbens, 56. 
Olefine type, 5. 
Oleic series of acids, 130. 
Orcein, 77. 
Orcin, 76, 77. 
Organic antimonic acids, 215. 

arsenic acids, 214. 

arsenic chlorides, 214. 

arsenic oxychlorides, 214. 

bases, 191. 

compounds, definition of, 1. 

compounds, classification of, 
8. 

compounds, elements con- 
tained in, 1, 2. 

compounds, graphic for- 
mulae of, 7, 8. 

compounds, notation of, 3. 
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Organic radicals, 3. 

radicals, compound, defini- 
tion of, 2. 
radicals, negative, 9. 
radicals, positive, 9. 
Organo-aluminic compounds, 232. 
antimony compounds, 233. 
arsenic compounds, 233. 
bismuth compounds, 233. 
boron compounds, 215. 
boron compounds, definition 

of, 215. 
cadD\ium compounds, 232. 
lead compounds, 23] . 
magnesium compounds. 232. 
mercury compounds, 229. 
potassium compounds, 227. 
silicon compounds, 215, 

218. 
sodium compounds, 227. 
telluriiun compounds, 231. 
tin compounds, 230. 
zinc compounds, 227, 232. 
Organometallic bodies, 223. 

bodies, constitution 

of, 231. 
bodies, definition of, 

223. 
bodies, formation of, 

225. 
bodies, reactions of, 

227. 
bodies, types of, 232. 
Oxamide, 36, 208. 
Oxamides, compound, 36. 
Oxatyl, 26, 32. 
Oxatylic hydride, 49. 
Oxyantimonic bases, 212. 

„ bases, salts of, 214. 

Oxyarsenic bases, 211. 

„ bases, salts of, 214. 
Oxybases, 190, 204. 

arsenious, 204. 
haloid compounds of, 190, 
210. 
Oxyphenol, 74. 

Papaverine, 201. 
Paraffin, 41. 
Paraldehyde, 109. 
Paramylene, 18. 
Parvoline, 194. 
Pentol, 42. 



11 



11 



11 



11 



11 



11 



11 



Perchlorinated methylic ether, 87. 

Phenyl, 15. 

Phenyl series, ethers of, 89. 

series, hydrides of the radi- 
cals of, 42. 
series, monohydric alcohols 

of, 66. 
series, normal monohydric 

alcohols of, 66. 
series, radicals of, 14. 
series, tertiary alcohols of, 
Q7, 68. 
Phenylamine, 192. 
Phenylene diethylic ketone, 188. 
„ series of radicals, ^. 
Phenyl formamide, 98, 154. 
Phenylic cyanide, 98. 
„ hydride, 44. 
„ iodide, 94. 
Phenyl rosaniline, 198. 
Phloroglucin, 81. 
PhloroJ, 67. 

Phosphine, diethyl, 203. 
dimethyl, 203. 
ethyl, 203. 
methyl, 203. 
triethyl, 204. 
trimethyl, 204. 
Phosphines, 190, 202. 

primary, 202. 
salts of, 214. 
secondary, 202. 
tertiary, 203. 
Phosphonic iodide, 202. 
Phosphoric triethoxide, 204. 
Phosjohorus, organic compounds of, 

Phthaiylic chloride, 188. 
Phycite, 83. 
Picoline, 194. 
Picroerythrin, 76. 
Pinite, 84. 
Piperidine, 193. 
Polyhydric alcohols, 83. 
Positive compound radicals, hydrides 
of, 37. 
dyad radicals, haloid ethers 

of, 94, 102. 
monad radicals, haloid ethers 

of, 93, 96. 
organic radicals, 9. 
triad radicals, haloid ethers 
of, 95, 104. 
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Potassium. 

Potassic cyauate, 29. 
ethide, 232. 
ferricyanide, 31. 
ferrocyanide, 30. 
succinate, 104. 
sulphocyanate, 32. 
Potassiozincic ethide, 234. 
„ methide, 234. 

Propione, 187. 
Propoxyl, 5. 
Propyl, 11. 
Propylene, 17. 
Propylenic bromide, 103. 
chloride, 103. 
iodide, 103. - 
oxide, 90. 
Propylic glycol, monochlorinated, 

79. 
Propylic iodide, 94. 
Protopine, 201. 
Prussian blue, 31. 
Pseudobutylene, 17. 
Pseudorcin, 83. 
Pyridine, 194. 
Pyrocatechin, 74. 
Pyrogallin, 81, 82. 
Pyroxylic spirit, 66. 

Quercite, 84. 
Quinine, 201. 
Quinone, 75. 

Radicals, acetylene series of, 21. 

dyad positive, 16. 

dyad, relations of succinic 
series to, 161. 

haloid ethers of the dyad 
positive, 94, 102. 

haloid ethers of the monad 
positive, 93, 96. 

lialoid ethers of the triad 
positive, 95, 104. 

hydrides of positive com- 
pound, 37. 

monad positive, 10. 

monad, relations of, to 
fatty acids, 1 19. 

negative, hydrides of, 37, 
49. 

normal, of the methyl se- 
ries, 11. 
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Eadicals, normal, of the methyl se- 
ries, preparation of, 11. 

of the phenylene series, 24. 

of the phenyl series, 14. 

of the phenyl series, hy- 
drides of, 42. 

of the vinyl series, 13. 

organic, 3. 

secondary, of the methyl 
series, 10. 

tertiary, of the methyl se- 
ries, 10. 

triad positive, 25. 
Resorcin, 74. 
Rosaniline, 198. 

Salts, ethereal, 188. 
Secondary monohydric alcohols, 60. 
„ radicals of the methyl 
series, 13. 
Silicic aceto-triethylate, 220. 

„ acetylate, 220. 

„ chloroform, 218. 

„ chlortriethide, 220. 

„ chlortriethylate, 220. 

„ dichlorethide, 220. 

„ dichlorethylate, 220. 

„ dieth-ethylate, 220. 

„ dietho-chlorethylate, 220. 

„ diethoxide, 220. 

„ dim ethy late ethylate, 220. 

„ ethide, 221. 

„ ethotriethylate, 220. 

„ ethylate, 220. 

„ hydrotriethylate, 220. 

„ methide, 219, 221. 

„ methylate, 220. 

„ trichlorethide, 220. 

„ trieth-ethylate, 220. 

„ triethohydrate, 222. 

„ triethylate amy late, 220. 
Silicoforraic anhydride, 218. 
Siliconylic acetate, 220. 
„ alcohol, 220. 
„ chloride, 220. 
Silicopropionic acid, 222. 
Single cyanides, 29. 
Sodio-zincic ethide, 226, 234. 
Spirit of wine, 57. 
Stearin, TB. 
Stibine, triamyl, 204. 
triethyl, 204. 
trimethyl, 204r. 
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Stibines, 190, 202. 

„ salts of, 214. 
Strychnine, 202. 
Styrol, 157. 
Substitution derivatives of benzol, 

45.. 
Succin^mide, 208. 
Succinic series of acids, 159. 

series, relations of, to acetic 

series, 162. 
series, relations of, to djad 

radicals, 161. 
series, relations of, to lactic 
series and to glycols, 
161. 
Succinimide, 207, 210. 
Succinylic chloride, 187. 
Sulphophenyl urea, 197. 
Sulpliur alcohol, 59. 
Sulphuric diethoxide, 89. 
Sulphurous diethoxide, 89. 

triethylo-iodide, 89. 
triethylo-hydrate, 89. 
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Tartaric or glyoxyloid series of acids, 

173. 
Tellurium ethide, 231. 
Tellurous diethoxide, 231, 233. 
diethiodide, 231, 233. 
„ diethosulphate, 231. 
Tertiary acids of the fatty series, 114, 
129. 
diamines, 195. 
monohydric alcohols, 62, 

67. 
monamides, 207. 
monamines, 191, 193. 
monarsines, 211. 
radicals of the methyl series, 
10. 

Tetrachlorinated methylic ether, 87. 
Tetramines, 191. 
Tetrethylammonic hydrate, 211. 
Thebaine, 201. 
Theine, 202. 
Theobromine, 202. 
Thialdine, 200. 
Tin. 

Distannic hexethoxide, 233. 
Hypostannic ethide, 230. 

„ ethodiniodide,230. 

Stannic chlorotriethide, 230. 
dichloretbide, 22Q, 
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Stannic ethide, 225. 

„ ethodimethide, 230. 
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ethophenyl dichloride, 

235. 
iododiethide, 230. 
iododimethide, 235. 
„ iodotriethide, 230. 
iodotrimethide, 235. 
methide, 235. 
phenyl-triethide, 235. 
triethohydrate, 233. 
Stannous ethide, 230. 
Stanntriethylic alcohol, 231. 
chloride, 231. 
ether, 231. 
haloid ether, 
231. 
Toluidme, 192. 

blue, 198. 
Toluol, 42. 
Tolyl, 14. 
Tolylamine, 192. 
Triacetin, 189. 
Triad positive radicals, 25. 

„ positive radicals, haloid ethers 
of, 104. 
Triadelphic type, 4, 5. 
Trialkalamides, 209. 
Triamides, 208. 

primary, constitution of, 

208. 
secondary and tertiary, 
209. 
Triamines, 198. 

diacid salts of, 213. 
monacid salts of, 213. 
normal salts of, 213. 
Triamylamine, 194. 
Tribasic acids, 177. 

acids, aconitic or acryloid 

series of, 177. 
acids, citric or lactoid series 

of, 178. 
acids, tricarballylic or ace- 
toid series of, 177. 
Tribrombeuzol, 46. 
Ttibrombenzol hydrobromate, 46. 
Tribromopyrogallin, 83. 
Tribromorcin, 76. 
Tributylamine, 194. 
Trichloraldehyde, 110. 
Trichloraniline, 210. 
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TricWorbenzol, 47. 
Trichlorhydrin, 96, 105. 
Trichlorinated &c. amines, 190, 209. 
„ methylic chloride, 

100. 
Trichlororcin, 76. 
Triethylamine, 194. 
Triethylammonic iodide, 193. 
Triethyl arsine, 204. 

■phosphine, 203. 
phosphonic iodide, 203. 
rosaniline, 199. 
silicol, 220. 
stibine, 204. 
Trihydric alcohols, 51, 77. 

„ ethers of, 93. 

Triiodorcin, 76. 
Trimethylamine, 194. 
Triphenyl rosaniline, 198. 
Tritolyl rosaniline, 198. 
Tumbull's blue, 32. 
Type, ammonia, 4, 5. 

ammonic chloride, 4, 5. 
condensed diadelphlc, 5. 
diadelphic, 4. 
double monadelphic, 5. 
marsh-gas, 4. 
methyl, 4. 
monadelphic, 4, 5. 
olefine, 5. 
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Type, triadelphic, 4, 5. 

Types of organic compounds, 4. 

Urea, 196. 

derivatives of, 197. 

formation of, 196. 

reaction of, 197. 
Urea a diamine, 197. 
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Valerylene, 21. 

Vinylic bromide, 103. 

Vinyl series, ethers of the, 89. 

„ series, monohydric alcohols of 
the, 63. 

„ series, radicals of the, 13. 

Xylol, 42. 

Zincic amide, 229. 

amylide, 234. 

dinitro-ethylate, 228. 

ethide, 225, 234. 

ethiodide, 227. 

ethoethylate, 227. 

ethylate, 224. 

methide, 234. 

methide ethylate, 229. 

methyldithionate, 228. 
„ propionate, 228. 
„ succinate, 224. 
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